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PREFACE TO FIRST EDITION 


T his book is a treatise on the applications of Organic 
Chemistry to the arts and manufactures It embraces 
both British and American practice, and affords, so far as is 
ascertainable in view of the many secret processes employed, 
thoroughly up-to-date information regarding the various branches 
pf chemical industry and of manufactures having a chemical basis. 

The editor’s aim has been to cover the whole range of subjects 
with which the industrial chemist and manufacturer are usually 
concerned, and the book will serve either as a text-book or as 
a work of reference , it is intended to meet the requirements of 
all business and practical men interested in chemical processes, 
of manufacturers, consulting chemists, chemical engineers, patent 
workers, inventors, technical lawyers, students in technical institu- 
tions, lecturers on technology, fire insurance inspectors, and others. 
Statistics, so important from a commercial standpoint, are 
made a feature of the work 

Particular pains have been taken to incorporate not only the 
mam industries but also minor industries and new and out-of-the- 
way processes and products, the details of which are usually known 
to and obtainable by only a limited circle , moreover, these minor 
industries have potential importance as the germs of future great 
industries, and frequently, too, as affording, through absence of 
competition, profits far greater than those of fully developed 
trades. A striking example of this is afforded by artificial silk, 
which so took the market by storm (on account of its extreme 
brilliance) that for a time its price actually exceeded that of the 
real article. 

The profitable utilisation of by-products — a matter of great im- 
portance to many manufacturers — has received special consideration. 

Patent specifications are usually the first and often the only 
information appearing in regard to a technical process, and it is 
therefore unnecessary to apologise for the large number of recent 
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patents referred to in the text Commercially many of them are 
unremunerative, yet they often contain useful ideas. 

Matters calling for industrial research have been specially 
emphasised by the editor ; for he has recognised that the subject 
of chemical industry is not only one which is full of problems 
whose solution demands the highest technical skill, but also one 
that holds out prizes of very great value to the scientific worker. 
For example, great fortunes he m the discovery of economical 
processes for converting heavy mineral oil into light motor spirit, for 
the synthetic production of rubber, or for the proper utilisation of 
old leather for glue and gelatine manufacture ; while the most 
far-reaching changes in the social and economic life of civilised 
nations have been made by the discovery of chemicals such as nitro- 
explosives, vulcanised rubber, synthetic dyes and drugs, technical 
alcohol, motor spirit, alkalis, glasses, metals, and artificial manures. 

Much of the information in this volume is published in book 
form for the first time, and many of the descriptions of new pro- 
cesses and modern plant have been privately supplied through 
the courtesy of industrial chemists and of leading firms of Europe 
and America. 

Full literary references are prefixed to each article, so that 
the reader may have before him at once the main authorities of 
all countries. Indeed, the editor ventures to think that the 
account of literature relating to chemical technology m its orgaiin, 
branches is the most complete ever published in English, and 
to hope that it will accordingly prove indispensable to the manu- 
facturing or consulting chemist, the student, and the business 
man , for these often experience extreme difficulty in ascertaining 
where to find quickly some special piece of information lying 
outside the confines of the mam industries. 

The index has, therefore, been made as complete as possible, 
and numerous cross references are given. 

The development of industrial chemistry, and the variety and 
comprehensiveness of its applications, has proceeded, during the 
past few years, at a rate so bewildering, and has taken such 
curious and unexpected turns, that the days are now past when 
one man, however well qualified, could keep abreast of recent 
advances^ in the different branches. Consequently, the editor has 
been fortunate in securing the co-operation of a number of experts 
as contributors on their special subjects : their names and attain- 
ments, enumerated on the title-page, and, more specifically, in 
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the List of Contents, are a guarantee that the minutest care 
has been exercised to ensure accurate descriptions of the industries 
concerned, and to these gentlemen the editor owes a considerable 
debt* of gratitude 

It is impossible to thank in detail all those who h^ve supplied 
information, or who have given help in subjects in which they 
have specialised Nevertheless the editor cannot forego express- 
ing His indebtedness to — Dr H, J S Sand, of Nottingham, for 
expert technical information , Dr G Druce Lander, of London, 
for advice on certain technical problems, Mr C. Ainsworth 
Mitchell, BA, P IC, for information on Vinegar Manufacture 
and for suggestions , Dr Newton P'riend for help and advice in 
preparing many sections , Mr Geo Stade, technical chemist 
Berlin, for information on Continental molasses distilleries , Mr 
Geo Clough, B Sc , for material assistance m many ways , Mr 

Louis Foucar, B Sc , for expert advice on the Coal-Gas and 
Coal-Tar Product Industry, Mr Dewar, P' I C , for information 
on Linoleum Cements , Mr Paul Arup for information on 
Margarine , Mr Ernest Dancaster, B Sc , for information on the 
Turpentine Substitutes and on the Gniphitic and Grey Paints used 
by certain engineering companies , Mr J B Cotton for help 

Among other gentlemen who have helped are— Mr W. H, 
Stephens, ARCS, Mr A J Carrier, B Sc , Mr T Beacall, 
B A , Mr G M Painter, B Sc , Mr Milsom, B Sc. , Dr A 
Slator, Mr J W Barker, ARCS, B Sc , Mr F Allen; 
Mr J E. Mason , and Mr W F F Shearcroft. Many of the 
^reat chemical firms have supplied full details of their more 
important patents, and even drawings of the plant used m 
carrying out certain of their manufactures To all of these the 
editor returns his best thanks 

Although every care has been taken in the production of this 
work, yet, in view of the mass of detail involved, it is impossible 
that all errors have been eliminated, or that in every case the 
best processes have been described The editor will therefore 
be grateful if industrial chemists, manufacturers, and other practical 
men will kindly inform him of any erroneous statements, or will 
call his attention to any serious omissions. Suggestions for 
increasing the utility of the work will be especially welcome. 



PREFACE TO SECOND EDITION 

T he fact that a new edition of a large book like the present one is 
called for in so short a time after publication indicates that it 
supplies an urgent want in technical literature 
In the present edition the various sections have been brought up to date, 
while fresh sections have been added on the new industry of the hydrogena- 
tion of fats, the manufacture of milk sugar, the manufacture of maize and 
arrowroot starch, the analysis of rubber, and the new synthetic tanning 
materials. 

Mr F. B. Gatehouse, editor of the Acetylene Lighting and Welding 
Journal^ has contributed the article on Acetylene, while Mr Gerald H 
Martin has contributed the article on Rubber Analysis— a subject in which 
he has had an extensive experience 

In Appendix II. is given an index list of Trade Names of the newer 
Synthetic Drugs, Photographic Developers, etc , which will prooably prove 
useful to many readers, as the information contained therein has hitherto 
proved difficult of access The list originally appeared in the Journal of 
the Society of Chemical Industry, 1914, 33, 1028, and is reproduced here 
with the Editor's kind permission. 

In preparing this second edition for the press, much valuable help has 
been derived from readers, who have written to point out omissions or 
suggest improvements The Editor takes this opportunity of thanking 
these readers, and will be very pleased if practical men will inform him of 
errors or omissions which have escaped notice in spite of every effort to 
secure accuracy. 

GEOFFREY MARTIN 

London, May 1915 


PREFACE TO SIXTH EDITION 

A CONSIDERABLE number of minor alterations have been made in 
order to keep the book up to date; for example, the section on 
the Vulcanisation of Rubber has been extended in order to include 
the new Peachey process. The Editor thanks the many practical men 
who have pointed out corrections, or supplied details of processes and 
plant used in modern. practice, and hopes that they will continue to favour 
him with further criticisms and suggestions. 

GEOFFREY MARTIN. 

Gravesend, September 1922. 
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THE OIL, FAT, VARNISH, AND 
SOAP INDUSTRY 


CENERAL NATURE OF OILS, FATS, AND WAXES 

Bv C. Ainsworth Mitchell, BA, F I C 


Nature of Oils. — The substances popularly known as “oils^* fall naturally 
into the three groups — mineral, essential, and fatty oils 

To the first group belong the petroleum derivatives, consisting, in the main, of 
mixtures of various hydrocarbons, which, since they boil at different temperatures^ 
may be separated by distillation into fractions such as naphtha, kerosene, heavy 
lubricating oils, and paraffin wax 

Essential oils, which constitute the second group, are volatile substances which 
occur m different parts of plan’s For the most part they are mobile liquids, 
lighter than water, and as a rule are completely volatile without decomposition 
Exceptional!), as m the case of oil of wintergreen which is fairly pure methyl 
sa4icylate, they do not consist mainly of a single compound, but usually they are 
composed of mixtures of various chemical compounds, such as hydrocarbons, alde- 
hydes, and alcohols The characteristic odour or flavour of an essential oil is usually 
centred in one or more of these constituents, and an estimation of the proportion 
of these substances affords a means of judging of the \alue of a given oil 

Fatty oils, which form the third group, are deposited in the adipose tissue of 
animals, or in the oil cells of seeds or other parts of plants, occurring in the 
form of minute globules enclosed within a thin skin Chemically, they consist of 
compounds of an alcohol such as glycerol with one or more fatty acids In these 
glycerides the three bonds of the glycerol may be m combination with the same 
fatty acids {eg^ tristeann), or two bonds may be in combination with one tatty 
acid and the third with another one {eg^ dipalmitostearm) , or all three bonds may 
be combined with different fatty acids {eg ^ oleo-palmito-stearin) Mixed glycerides 
of the two latter types have been discovered in natural fats 

The properties of the fatty acids isolated from fats by means of saponification 
afford valuable analytical evidence of the nature of the oils whence they are derived 
Waxes differ from fats, properly so-called, in having the fatty acids combined 
with an alcohol olher than glycerol Thus sperm oil, regarded from a chemical 
point of view, is as much a wax as the typical product, beeswax, whereas Japan 
wax, so-called from its wax-like appearance, is in reality not a wax at all, but a true 
glyceride 



I.— MINERAL OILS AND LUBRICANTS, INCLUD- 
ING THEIR CHEMICAL EXAMINATION 
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Engler-Hofer — “ Das Erdol ** 3 vols Leipzig, 1909 19H 

LUBRICANTS 

C H Hurst — “Lubricating Oils, Fats, and Greases ** Third Edition London, 1911 
R Brunner — “ Lubricants, Shoe Polishes, and Leather Dressings ** London, 1902 
D Holde — “ Untersuchung der Schmiermittel ” Berlin, 1897 
J Grossman. — “ Die Schmiermittel ** 

I I Redwood —“ Lubricants, Oils, and Greases.” New York, 1898 
Alder Wright and Mitchell — “ Oils, Fats, and Waxes ” London, 1903 
Lewkowitsch — “ Oils, Fats, and Waxes ’* 1909 
C E VoLLAND — “ Fabnkation der Schmiermittel ” Malmo, 1903 

Manufacturing Processes. — Crude petroleum, which is probably a product 
of the decomposition of animal or vegetable remains, is found deposited m cfll- 
bearing strata in various parts of the globe or in a partially oxidised condition upon 
the surface, whither it has found its way through fissures in the rocks 

It IS now usually obtained by Drake's method of sinking the drill through a 
hollow tube, in some instances to a depth of 2,000 to 3,000 ft , and in the case 
of the larger oil-fields is conveyed by a s>stem of pipe lines to the refineries, which 
are situated near the points of distribution 

In Scotland a considerable quantity of oil is obtained by distilling certain bituminous shales 
The product is known as “ shale oil ** and is otherwise pumped and distilled muchan the same way 
as crude petroleum oils 

\J The bituminous shales may be regarded as intermediate in character between natural asphalt 
and the oil-beanng rocks whence petroleum is obtained, and probably represent the| residues of fish 
and other fossil marine organisms As in the distillation of coal, large amounts of ammonn»»« 
sulphate are obtained For statistics, see p 13 

Ixhe mineral oils are composed principally of saturated hydrocarbons. 

Amencan petroleum consists essentially of saturated paraffins, of 

which Methane, CH4 (in natural gas). Pentane, and Hexane, QH,- (in 

benzine), (B.P. 225® C ), CjgHgg (B.P. 300’ C.) (in light petroleum). 

Russian petroleum consists essentially of a number of hydrocarbons of the 
naphthene series CnHgn, such as, e,g ^ Heptanaphthene, C7H14 (BP. loo* C.), 
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Fig 2 — Still, with Column, for Frac- 
tionating Light Petroleum 


Thus Cowper-Coles (English Patent, 27,945, 
1906) distils paraffin and passes the vapours throu^ 
a senes of small metal tubes heated to a tem- 
perature sufficiently high to deconiMse partially 
the vapour, which is then conducted int# a con- 
densing apparatus so as to condense it The 
liquid thus obtained has a much lower flash-point 
than the petroleum originally placed in the tube 
Thus Coles states that if the original flash point 
is 120® F., the flash-point of the resulting liquid 
may be as low as 16® F 

Noad and Townsend (English Patent, 13,675, 
1908) pass a mixture of petroleum and water into 
a hot air-free chamber filled with red-hot scrap 
iron, which acts as a catalytic agent The pro- 
ducts react, and on condensing the vapouis and 
separating the oil and water by fractional distilla- 
tion a petroleum is isolated having a much lower 
flash-point than the original petroleum Noad 
and Townsend state that practically the whole 
of the oil IS converted into volatile spirit, only 
a very small percentage of residual carbon and 
permanent gas being obtained. 

When more lubricating oil is required 
the “cracking^’ process is omitted, and 
the receivers changed at an earlier period 
In another process continuous distillatiob 
IS employed, the oil being passed from 
still to still, each of uhich is heated to a 
higher temperature 

The crude oil is invariably separated 
^ by this distillation into three fractions 
(i) Crude benzine, BP up to 150“ C , 
o 75-0 77, called benzine or petrO' 
leum naphtha, (2) Kerosene, BP 150® 
300"*, sp gr. 087 (illuminating oil); ^3) 
Residuum in still, boiling above 300® C 
vx- After distillation, the fractions are 
purified by redistillation to remove tarry 
impurities, and by a chemical treatment 
with concentrated sulphuric acid (which re- 


moves unsaturated hydrocarbons and bases), followed by caustic alkali (to remove 
acid bodies) and sometimes litharge (to remove all traces of sulphur) or copi^er 
oxide. For certain purposes it is also necessary to bleach and filter the oils 
Finally the paraffin wax which separates is freed as completely as possible from 
water and then expressed in a hydraulic press at a low temperature to expel 
the oil 



Fig. 3. — Russian Petroleum Still. 




BENZINE, PETROLEUM NAPHTHA 


The proportions of these vanoos products obtainable from a given crude petroleum oil depend 
upon the composition of the original substance as well as upon its treatment 
The following typical analyses show the yields that may be expected 


• 

Crude Petroleum Oils. 

Naphthas. 

lUumiuat- 
mg Otis. 

Lubncat* 
ing Oils. 

Parafhn 

Wax, 

Tar 

Coke 

Loss, etc. 



Per cent. 

Per cent. 

Per cent 

Per cent. 

Per ce jt 

Percent 

Burmese (sp. gr. 0 885) 

• 

398 

41 8 

6.2 

4*5 


7 7 

1 (iiicludlag ipas) 

3 I 

Pennsylvanian (sp gr. 0 802) 

H -5 1 

39 s 

386 

24 


2 0 

„ (sp gr 0870) 

S 3 

41 8 

466 

3 I 


2 4 

08 

Canadian (sp, gr. 0 823) 

11 7 

364 

44-5 

28 


30 

I 6 


It IS usual to group under the name of “ naphthas ’* the fractions boiling below 150® C Between 
that temperature and 300® C come the illuimnating or lamp oils (kerosenes) , while the fractions 
distilling above 300® C. form the lubricating oils. 

The naphthas arc further graded by refining and redistillalion into fractions, such as gasoline 
(sp gr o 655) ; naphtha or bentoltne (sp gr. o 705) ; and benzine (sp gr o 737) 

The following results quoted by Allen (“Comm Org Anal III 106) show the yields of the 
tespective products obtainable from typical American petroleum and from Scotch shale oil — 


Products 

Petroleum Oil 

Shale Oil. 

Sp gr 

Per cent 

Sp. gr 

Per cent. 

Cymogene and rhigolene 

0 590 0 625 

Very small 


Very small 

(»asoline - 

0 636-0 657 

I o-i 5 

\ 


naphtha - 

0 700 

10 



“B” naphtha - 

0 714 0 718 

2 5 

r 0 730 

5 

“ A ” naphtha (benzine) 

0 725-0 737 

2025 

j 


Kerosene - - - . 

0 802 

50*55 

0 800-0 810 

37 

Liibncatmg oils 

0875 

^7 5 


17 

Paraffin wax 


2 0 


13 

Coke, gas, and loss - 


8 10 


28 


Russian petroleum oil being distilled by the continuous process, in which both dry heat and 
si!f))crhcated steam are used for heating the stills, gives very different yields of the various products 
The usual amount of tar obtained is upwards of 20 per cent , and no paraffin wax is separated. 
The lubricating oils derived from Russian petroleum are of a darker colour, and more viscous than 
those of American and Scotch origin, but they become fluid more readily when heated. They also 
give off inflammable vapour at a Tower temperature than the other oils of corresponding specific 
gravity Owing to the fact that they can be exposed to a low temperature without throwing down 
a deposit they form the better lubricants for cola climates 

Benzine, Petroleum Naphtha, Petroleum Spirit 

Those portions of Pennsylvanian oils which boil under 150* first became 
important when they began to be used for the dry cleaning of clothes (since i860). 
I^ter,. benzine was used on a very large scale for extracting fat from cocoa-nuts and 
bones in place of the dangerous carbon bisulphide. Within recent years ar^ 
enormous demand of the more volatrie constituents of petroleum (“ motor spirit 
has been set up by the development of the motor car industry, and at the present 
time these portions exceed in price the higher boiling “ illuminating oils.” 

American benzines have a sp. gr about 0.02 less than that of Russian benzines 
of the same boii^ng point. The former consist essentially of paraffins, and the 
latter of cychc-polymethylenes. Before use the crude benzine must be carefully 
purified by treating with concentrated HgS04 and NaOH, and then fractionated in 
column apparatus (see under Spirit Distillation, p. 295, et seq ). 
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For this purpose the oil is allowed to flow in succession through a series of iron cylinders, 
entering at the bottom and flowmg out near the top ; the first of these cylinders is lead-lined and 
contains concentrated (66 per cent ) H2SO4 ; the next one is empty (so that the concentrated HaS04 
deposits) and the succeeding ones are filled with the caustic soda solution. The oil ultimately runs 
from there into an iron still furnished with a column apparatus (see p. 6) and heated w#th steam 
(a naked fire is too dangerous with volatile oil), and the oil carefully fractionated 


The following fractions are obtained from American naphtha — 

a. Petroleum Ether, Gasoline, Solene, B P 4o®-7o* C. , sp gr. 0.64- 
0.65 ; consisting essentially of Pentane, C5H12, and Hexane, 

b Benzine, BP 70**120'* C. , sp gr 070-0.72, sometimes further divided 
into lower and higher boiling fractions (“ benzoline and “ naphtha’^ respectively) 
The benzoline and naphtha are both sold under the name of petroleum spirit, and 
also as benzine They are colourless volatile liquids, possessing a peculiar odour, 
and entirely evaporating away on exposure to air without leaving a residue They 
give off inflammable vapours at ordinary temperatures, and are consequently much 
used as “ motor spirit,” also for the “ dry cleaning ” of clothes and for extracting fat 
from bones and cocoa-nuts 

Ligrom, heavy benzine, BP i2o*-i35“ C , sp gr 073, and Polishing 
Oil, B P 1 30*-! 60* C , sp gr o 74-0 77, are sometimes used as a polishing oil *for 
machinery, but also as turpentine substitutes in making varnishes and paints These 
are rather slower in drying, but less inflammable than petroleum spirit 

Shale Spirit is obtained from Scotch shale When this is distilled at a low 
temperature a quantity of tarry matter is obtained in the receiver This is known 
as “ crude oil,” and is submitted to redistillation when “ once-run oil ” is obtained 
The latter is washed with sulphuric acid, and then with caustic soda, and submitted 
to fractional distillation The three chief distillates are known as “green naphtha,” 
“ twice-run light oil,” and ** green-oil ” The “ green naphtha ” is washed with 
sulphuric acid, and then with caustic soda, and again distilled, when “ shale spirit,” 
also known as “ shale naphtha,” is obtained Shale spirit is a very volatile, colour- 
less liquid of sp gr o 730 o 760 It possesses a slight odour, and is very inflam- 
mable, taking fire at ordinary temperatures On exposure to the air it evaporates 
away without leaving any residue Shale spirit contains a mixture of hydrocarbons, 
chiefly paraffins and olefines, the latter forming about 60 per cent of the spirfl 
The heavier and higher boiling portions of the distillate are used as illuminating 
and lubrWting oils It is largely used as a substitute for turpentine, and is perhaps 
the next pest to rosinjp.ii:it for this purpose 

Coal-Tar Naphtha, Benzene or Benzol, CeH„ IS quite a different product 
from benzine or petroleum naphtha, being obtained by distilling coal-tar (see p 
416). It IS similarly used as motor spirit, also for extracting fat and cleaning clothes, 
but it burns with a smoky flame, and so is not such a good motor spirit as 
petroleum benzine 

The Cleaning of Clothes as practised in laundries is especially useful for woollen 
«rments. ft consists m (i) agitating the cloth in closed vessels with benzine, which dissolves out 
fat and the attached dirt; (2) rinsing with benzine , (3) “centrifuging” to get rid of the benzine 
and dry the cloth The continual friction of the moving benzine m large extracting ^paratus often 
causes it to become so highly charged electncally that it sparks and spontaneously inflames Man> 
explosions have occurred this way and precautions are always taken to detect a high degree oi 
e'ectrification of the moving oil. Magnesium oleate is sometimes dissolved m it to miuce it a bettei 
conductor of electricity and so dimmish the danger of electrical sparking ^ 

Carbon tetrachloride (see p. 31), chlorhydnne, and ethylene chlorides are also used for this purposcj 
and, though their vapours are poisonous, have the advantage of non-inflammability These non- 
inflammable solvents are now fairly generally used in laundries 
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Kerosene, Illuminating or. Lamp Oils 

This is the portion of the distillate boiling between i5o**-3oo® C 
Th^ chemical purification of American Pennsylvanian oil is much the same as 
.hat described under benzine, viz , first with concentrated H2SO4, and then with 
NTaOH. The NaOH removes the petrolic acids as sodium salts, which are sometimes 
used as soap Usually 0.5-1 per cent of 66 per cent H2SO4 is thoroughly stirred 
up with the oil by means of a stream of compressed air, and the tarry products 
allowed to settle and run off at the bottom Next, the oil is similarly agitated with 
water, which is run off, then with NaOH solution, and finally with water Some- 
times It is further bleached by exposure to sunlight It is imported as an almost 
colourless, weakly bluish-fluorescent liquid of sp gr. at 15* C =0803, containing 
about 85-86 per cent C, and 13 5-14 per cent H There are, however, several 
varieties, having both higher and lower specific gravities than this 

Much of the present-day American illuminating oil comes from California, and 
the refining is especially difficult on account of the large amounts of sulphur it con- 
tains Treating with PbO, leading the vapours over CuO (which is “regenerated**), 
and other methods of fixing the sulphur are employed, after which follows treatment 
with concentrated H2SO4 and NaOH 

The Russian^ Baku oils (“kerosene**) are purified like the American Penn- 
sylvanian They have specific gravities varying from 0809-08265 (15* C) and 
possess a high illuminating power 

A considerable quantity of oil is also made for “ carburetting ’* coal or water gas 
(see p 397) Benzol is also used for the purpose (see p 398) 

Examination of Petroleum and its Products — The methods of examining crude petroleum oil 
are based upon a fractional distillation upon a small scale, measuring the amounts of the various 
fractions obtained, and determining their physical properties, including the specific gravity, flash- 
point, viscosity, etc 

Specific Gravity — Special hydrometers are constructed for lapidly testing the specific gravity 
of petroleum products, and for commercial purposes these are usually sufficiently accurate For 
scientific purposes, however, greater accuracy is required, and the specific gravity should be 
determined with the aid of a specific gravity bottle or Sprengel’s tube 

In the American trade, oils are usually described by their specific gravities, as for example 
“ 875 pale oil ’’ , “ 885 pale oil ” , “ 903 907 pale oil ” , “ 910-912 pale oil ” 

Flash point — The temperature at which an oil gives off inflammable vapour is of the 
greatest importance in the case of illuminating and lubricating oils A few years ago lamp oils 
were frequently sold with too low a flash-point, and were the cause of innumerable accidents, but 
thts is now less common, since the greater demand for petrol has made it commercially profitable 
to remove more completely the portions boiling at a lower temperature 

The flash point may be approximately ascertained by the open lest," which consists in heating 
a little of the oil in a porcelain crucible embedded in sand, and apply mg a light from time to time 
until the vapours take fire, the temperature being then read on a thermometer previously placed in 
the oil For illuminating oils special apparatus is used, and this value is determined by the close ” 
method In this country Abel’s apparatus is used officially, while on the Continent Pensky’s 
modification is usually the standard instrument The results obtained by the two methods differ 
slightly, those given by Pensky’s apparatus being, on the average, about 2® C. lower 

In America the “fire test,’’ or the temperature at which the body of the oil takes fire, is also 
frequently made , but as Allen pointed out, this test gives erroneous results, since a kcroj>ene oil, 
when spilled, may ignite at a temperature fiir below that shown by the test 

Speaking generally, an oil which flashes at about 73® F in Abel’s apparatus (or about 100® F m 
the open test) would show a “ fire test ’’ of about 120® F 

Petroleum burning oils have a flash-point of 73*-! 10® F , paraffin burning oils, 100®- 120® F , 
naphtha, 6o®-70® F ; Itnseed^ about 470® F , rosin, 3io®-320® C. 

Viscosity — Various methods have been devised for obtaining some measure of the degree 
of the so-called “viscosity” of oils, but that generally employed consists in determining the time 
taken by a given quantity of oil to run through a small opening under definite conditions of 
temperature, etc. 

For this purpose ^cial apparatus is usually employed, the separate parts of which are made to 
standard measurements, so that results obtained by different workers may be comparable The 
time m seconds (i tf., the efflux velocity) may be compared with rape oil (or sometimes with water) 
as a standard substance, and the values obtained at diflferent temperatures afford an indication 
of the probable behaviour of the oil when used as a lubricant 
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The following figures given by Redwood* are typical of those obtained with a viscosimeter 
The results are comparable among themselves, but are not reduced to a standard 


Oil 


Relative Time m Seconds (Redwood) • 


So-F 

70"* F 

ioo®F 

140'’ F 

200® F 

25o‘’F 

300“F 

Refined rape oil 

712 5 

405 

147 

105 5 

58 5 

43 25 


Beef tallow - 





54 75 

40 


Sperm oil - 


1368 

60 5 

50 75 

42 

34 75 

30 

Neatsfoot oil 

620 

366 

126 

884 

504 

44 

38 

American mineral oil (sp gr 0 885) 

145 

90 

47 

41 




„ „ (sp gr 0923) - 

1,030 

485 

126 

82 

42 



Russian ,, (sp. gr. 0 909) - 

2,040 

820 

174 

116 

485 



,, ,, semi-sohd - 



531 

317 5 

99 25 

! 

59 25 

42 6 


Calorific Power — A determination of the calorific power of oils is valuable in the case of 
products intended for fuel or oil engines It is usually estimated by combustion of the oil in oxygen 
in a calorimetric bomb ; but it has been shown by Sherman and Kropff t that in the case of American 
oils, at all events, there is an approximate relationship between the calorific power and the specific 
gravity, which may be expressed by a formula 

Thus they have found the following values to correspond approximately — 


Asp gr 
>> 


of o 7 o 75 indicates about 11,700-11,^50 
075-008 ,, 11,350-11,100 

08-085 M 11,100-10,875 

085-09 „ 10,875-10,675 

09095 ,, 10,67510,500 


calories 

>> 

>» 

if 

)> 


5 

2 



Still Residuum.— Lubricating Oils— Vaseline 

'Fhe residue which remains in the stills after the oil boiling below 300® C. has 
been distilled over consists of 10-25 per cent of Pennsylvaniaif oil, 50 per cent 


* Quoted by kind permission of Messrs Griffin & Co. from Redwood’s ** Petroleum.” 

t Journ. Amer Chem Soc,^ 1908, 30, 1626, 




LUBRICATING OILS AND GREASES 


It 


Californian oil, and about Oo per cent, of the Baku oil. rhis residue is largely 
used as fuel (“Masut,” “Oil FueP^), but is also worked for lubricating oils and 
pitch by further distillation. The thinner portions of the distillate are used as 
“oil gast for carburetting illuminating gas, while the thicker portions constitute the 
mineral lubricating oils. Some of the American and Galician residues are very 
nch in paraffin and are worked for this 

For the machine lubricating oils the residues are distilled in a vacuum with 
superheated steam, whereby decomposition is avoided, and to remove solid 
paraffins the oils are cooled and forced through a filter press. They are then 
treated with concentrated H2SO4, NaOH, and HjO. 

Fig 4 IS a rough diagram of a lubricating oil still The petroleum still residues are placed in 
the boiler A, superheated steam is dnven in through while a hi^h vacuum is maintained by means 
of the tube cc. The oil distils and passes up the dephlegmatmg tubes, Bj, Bg, Bj, and is there 
fractionally cooled, the least volatile oil running out through the condenser while a more volatile 
oil IS collected from and the most volatile oil of all through d^ 

For coarse lubricating greases for rollers, wheel axles, etc , distillation is not 
resorted to, but a careful chemical purification with H2SO4 and NaOH (to remove 
pitch) IS performed on the crude still residues. 

Lubrication. — The choice of a lubricant depends principally upon the 
type* of machinery for which it is required Owing to the growth of the 
mineral oil industry the amount oC fatty oils now used for this purpose is 
small in comparison with the former consumption, but for certain purposes 
fatty lubricants are still widely employed, either alone or in admixture with 
mineral oils 

Thus, for the wheels of clocks and other fine machinery, neatsfoot oil, hazel-nut 
bil, and lard oil are in common use, while inferior grades of olive oil, castor oil, 
rape oil, sperm and arctic sperm, and certain blubber oils, are also employed for 
cold machinery 

As IS shown in the table on p 10, the viscosity of fatty oil diminishes much 
less rapidly than that of mineral oils on raising the temperature, and it is therefore 
advantageous, where other conditions permit, to use a mixture of the two kinds 
of oil 

Dlls belonging to the serai-drying class (eg ^ cotton-seed oil), or drying oils, such 
as linseed oil, are quite unsuitable as lubricants, owing to their rapidly absorbing 
oxygen from the air and becoming sticky. Oils of this class should not contain 
free mineral acid or more than a trace of free fatty acids, which gradually corrode 
metallic surfaces 

The objection to the use of fatty lubricating oils in cylinders or other machinery 
working at a high temperature is that the oil is partially decomposed, and that the 
iron IS attacked by the liberated fatty acids. 

Mineral Lubricating Oils. — As was mentioned above, in addition to the 
oils separated by distillation from crude petroleum as described, and having a 
sp. gr of o 840 and upwards, similar oils are prepared by the destructive distilla- 
tion of lignite and shale, and redistillation of the residuum 

Certain oils of high density are obtained by the process of “sunning*’ or 
evaporation, by exposing the oil to the air or by concentrating it with steam at a 
low temperature, but the bulk of such oils is obtained by distillation. 

Mixed oils, consisting of suitable proportions of fatty and mineral oils, are 
found in many lubricants on the market. The proportion of the former may be 
ascertained by detqjmining the saponification value of the mixture. 

Lubricating Greases. — These may contain solid fats, vaseline, vanous 
metallic soaps (especially those of aluminium) of fatty or resin acids, incorporated 



12 


INDUSTRIAL CHEMISTRY 


with more liquid mineral or fatty oils or rosin oil, and sometimes blended with 
solid substances, such as plumbago Products containing so many possible con- 
stituents must necessarily show considerable variations in composition, and the 
results of mechanical and ph>sical tests, coupled with the absence of injurious 
substances, afford the best criteria of their suitability for lubricating purposes 

Water soluble oils are becoming more and more widely used owing to the presence of alkali 
soap. They readily emulsify with water, and are used to oil wool for spinning, to grease tool 
machines, for ointments, etc. Boleg (see German Patents, 129,480, 122,451, 148,168) makes heavy 
tar oils soluble m water by adding crude resin oils (which see), saponifying them with alkali, and 
oxidising under pressure They will bear mixing with a considerable amount of water without 
becoming turbid. 

Acheson’s Defiocculated Graphite (“Dag”), recently put on the market, is obtained by 
macerating graphite with a solution of tannin or other organic fluid for several weeks, whereby it ii> 
so finely divided that it forms a permanent emulsion, containing o 3 per cent carbon, with water 
This “molecular” graphite forms an excellent lubricant, i cubic inch of the graphite being 
equivalent to 5 gallons of oil. Aqua dag is the graphite prepared with water It prevents the 
rusting of iron, and has been emp’oyed with success in lubricating tools for cutting pieces of 
shafting Aqua-dag is made by mixing the molecular graphite with water in barrels, allowing to 
stand three weeks, decanting, and passing through filter presses containing special cloth The 
emulsion will not mix with oil. Oil-dag is prepared by pouring oil over the filtered dag, then 
pouring off the oil with some water The dag is then treated in a vacuum to remove the water, and 
oil finally added Both oil-dag and water-dag are largely used, although oil-dag has the advantage 
over water-dag that the oil does not evaporate (see Engineerings 17th November 1911, p 673) 

• 

Examination of Lubricatmg Oils — The flash-point of lubricating oils should be ascertained 
to show that the oil does not give off dangerous vapours at a low temperature It should not be 
lower than about 175® C in the open test, and about 100® C higher than this for oils intended for 
use in cylinders 

Cold Test — This is made by immersing the tube containing the oil in a freezing mixture and 
slowly stirring the contents until solid matter separates The test is of great value in the case of 
oils which are intended to be used in cold climates, since an oil with high freezing point is liable 
to congeal in the machinery In Prussia the State Railway specifies that an oil when examined in 
a special apparatus shall not solidify at - 15® C in winter or at -5* C in summer, different classes 
of oil being thus permitted at different seasons 

Ash — The amount of residue left on igniting a pure mineral lubricating oil is insignificant, 
whereas oils containing soaps of sodium, potassium, calcium, or aluminium will leave a mafbnal 
quantity of ash. 

y Water — The presence of water in a mineral oil is indicated by a turbidity which causes the 
liquid to froth up when heated, whereas turbidity due to paraffin wax may be removed by heat. 

Gummmg Tendency — The liability to “gum” or become sticky upon machinery may ♦be 
roughly estimated by placing drops of equal size of different oils upon an inclined surface, and 
noting the time before the oil ceases to run, owing to its increased viscidity through oxidation In 
addition to oils of the drying and semi-drying class (such as linseed and cotton-seed oils), resin oils 
and fish oils also absorb oxygen rapidly from the air, and become “ thick ” Hence they should not 
be used for lubricating purposes. Various chemical methods based upon a measurement of the 
amount of oxygen absorbed by an oil in a given time have also been devised 

Evaporation Test — A weighed quantity of the oil is heated for a definite time at a constant 
temperature, and the loss in weight determined In the case of oils intended for ordinary 
machinery, the temperatures of 60®- 100® C are employed, whereas for cylinder oil a temperature 
of 150®- 300® C IS needed According to Lant Carpenter a mineral oil losing more than 5 per 
cent of its weight at 60® C. is unsuitable for lubncation, as it is liable to form a viscous residue 
and leave the tarings dry In the case of cylinder oils the loss at 188® C should not exceed 
o 25-0 5 per cent (Archbutt) 

Tar and Coke — In order to obtain further information as to the probable behaviour of lubricat- 
ing oils at high temperatures, Kissling * has devised conventional methods of estimating the amounts 
of tar-like and coke-like substances present m an oil, and also the amounts formed after exposing 
the oil for fifty hours to a temperature of 150® C. In the estimations, the oil is heated with alcoholic 
alkali, and the aqueous alkaline extract subsequently extracted with benzene to separate tarry 
matteis or treated with petroleum spirit to separate coke-like substances. The empirical values 
thus obtained are termea the “tar value” and the “coke value,” and thf corresponding “tar 
forming” and “coke-forming” values may be found by similar estimations upon the heated oil. 


Chem, ZeU , 190S, 32, 938 
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The following results are typical of those given by different kinds of oil — 



I Befficf Heating 

II After Heating 
for Fifty Hours 
at 150® C 

Total 
of I 

Total 
of II 

Tar 

Value 

Coke 

Value 

Tar 

Value 

Coke 

Value 


Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Pe*- cent 

Steam cylinder oil, Pennsylvanian 

0 023 


0 185 

0 020 

0 023 

0 205 

Spindle oil, Pennsylvanian - 

0 090 


0 299 

0 1 14 

0 090 

0413 

Machine oil, German - 

0 227 


0740 

0 827 

0 227 

I 567 

Turbine oil (used), Pennsylvanian 

1 083 

trace 

1 463 

I 199 

I 083 

2 662 

Cylinder oil, Texas - 

I II3 

. . 

I 377 

I 294 

I II3 

2 671 

Heavy engine oil, Texas - 

I 234 1 

. 

1 220 

I 128 

I 234 

2 348 

Cylinder oil, Puuian - 

0 266 ! 


0 501 

0 484 

0 266 

0 985 

Heavy machine oil, Russian 

0239 

.. 

0458 

0 782 

0239 

I 240 

Spindle oil, Russian - 

0 213 

... 

0474 

0753 

0213 

I 227 


From the results of these tests Russian lubricating oils appear to be inferior, as regards the 
amount of tar they contain (or formed on heating), to Pennsylvanian oils, but better than Texas oils. 

\/ Vaseline is manufactured by carefully distilling suitable kinds of crude petroleum 
m vacuum stills (to diminish dissociation), and filtering the residue through animal 
charcoal filters heated to about 50* C The first runnings are colourless and form 
Vaseline, the later runnings are brown and form “filtered cylinder oil ” 

Vaseline is manufactured from Galician oils {a) by evaporating the oils up to 
340*, dissolving the syrupy residues in petroleum ether (sp gr o 66), decolourising 
repeatedly with animal charcoal, and evaporating off the solvent , (^) by bleaching 
the crude oil by passing through steam jacketed charcoal filters, and distilling in 
vacuo (10 to 15 mm ) at 250" C 

Vaseline consists of a mixture of hydrocarbons, and has the composition 
C * 86-87 i H =■ 1 3-14 per cent 

Most of the “Vaselines” now on the market are merely artificial mixtures of ceresine {18 per 
cent ) with oils, sometimes (in poor qualities) with the addition of paraffin wax 

For Rosin Oils see p 339 

«Stati8tics — The following figures show the quantity of mineral oil and vaseline imported into 
the United Kingdom — 



1906 

1910 

Value in 1910 

Petroleum — 

Crude - - - . Galls 

Lamp oils ... ,, 

Motor spirit - - - »* 1 

Spirit, other than motor spirit ,, j i 

Lubricating oils • • - ,, 

Gas oil ’•**»» 

Fuel oil - ’ „ 

Other sorts - - - „ 

Vaseline and Mineral Jelly • Cwt 

1,112,710 

151*239,979 

26,792,687 

49,704,819 

56,55**321 

i 3»8 i 9 »o 9I 

187,318 

138,828,483 

[ 55 > 049 >»io 

\ I239.948 

58,560,651 
S7,507,J3i 
34,363,276 
733.819 

21.773 

3.310 

1.850,918 

r , 340 <SSi 

4.872 

1,705,866 

477.704 

262,45s 

17,206 

47.960 


The United States in 1910 imported 13,693,000 gallons (value, $609,000), and exported 


Crude petroleum 
Light jjetroltShm 
Illuminating oil 

Lubricating and heavy paraffin oil 
Residuum, tar, pitch, etc 


168.900.000 galU (value, $5,277,000) 

77,650,000 „ ( „ 6,302,000) 

- 1,005,027,000 „ ( „ 62,477,000) 

170.430.000 ,, ( „ 20,891,000) 

124.055.000 „ ( „ 4,141,000) 
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The world’s production of crude petroleum is shown by the following figures 



1894 

1908 


Tons 

Tons 

Untied States 

6,500,000 

23,900,000 

Russia 

5,000,000 

8,300,000 

Galtcta - - ... 

130,000 

1,750,000 

Roumanta 

70,000 

1,150,000 

Dutch Possessions m the Indian Seas • 

115,000 

1,140,000 

Straits Settlements, etc 

44»000 

670,000 

Mexico - - - 


460,000 

Japan - .... 

21,000 

280,000 

Germany 

17,000 

140,000 

Peru - 


130,000 

Canada 

116,000 

70,000 

Total 

12,000,000 

38,000,000 


The shale oil industry of Scotland is still important In 1909 ^^ooo^ooo tons of oil shale were 
distilled, yielding 280,000 tons of crude oil, and 57,000 tons of ammonium sulphate The crude oil 
on redistillation yielded 85,000 tons illuminating oil, 16,000 tons motor spirit, 40,000 gas oil, 40,000 
tons lul^icating oil, and 25,000 tons parafHm The principal firm is J. Young, of Glasgow. 




THE CRACKING AND PYROGENESIS OF 
PETROLEUM AND MINERAL OILS 

With a View to the Manufacture of Motor Spirit, 
Benzene, Toluene, Etc 
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Lomax, Dunstan, and Thole.— “The Pyrogenesis of Hydrocarbons*’ {Journ Inst PeL 
Tech , Vol 3, Dec 1916, pp 36-120, also /cum Indus and Eng Chem , 1917, Vol 9, 
p 879) contains a full account of the various patents and the whole literature of the 
subject, with a summary of resvdts 

W A Hall —“The Cracking of Oils ” Journ Inst Pet 7 >d:// , 1915, Vol i, pp 147-166 
J G Annan — “ Motor Spirit ” Journ Soc Chem. Ind ^ \o\ 36, p 243 

T F E Rhpad — “Some Sources of Benzene and Toluene for High Explosives ” Journ 
Soc Chem Ind ^ I 9 i 7 > Vol 36, p 7^4 

When complex hydrocarbons like coal, paraffin, etc, ate heated we obtain a 
yield of hydrocarbons of the simpler type In general four classes of products 
are obtained — 

1 Permanent gas, like h) drogen, methane, etc 

2 Volatile fuels for interi al combustion engines 

3 Aromatic hydrocarbon^ 

4 Pitch and charcoal 

Jt IS a general principle that the subjecticn of hydrocarbons of all sorts to a high 
temperature tends to break down the more complex molecules into lighter and 
more volatile molecules The process of cracking oils with a view to obtaining 
more volatile oils from heavier oils depends upon this fact 

The rapidly growing demand for volatile hydrocarbons for use as fuel in internal 
combustion engines for motor cars and aircraft has given an enormous impetus to 
the development of cracking processes within the la^t few jears 

The production of “cracked” spirit in the United Slates ^o^e from 80,000 gals in 1915 to 
200,000 gals in 1916, and is still increasing, while 3,000,000 m Hor c\rs were registered m the 
United States alone in 1916 

Also the cracking of petroleum with the object of obtaining aromatic hydro- 
carbons Las within recent years attained considerable importance as a possible new 
source for raw materials for the manufacture of high explosives 

Both Hall’s and Rittmann’s processes (descnbed below) have been worked for 
benzene and toluene for manufacturing high explosives 

We will first describe what is known relating to the chemical changes involved 
in the cracking of oils, and the influence of temperature pressure and catalysts 
thereon. 

We will then describe the plant used in the various cracking processes and the 
properties of the different kinds of cracked spirit 
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Mechanism of the Chemical Changes Undergone when 
Oils are Cracked 

The breakdown of hydrocarbons under the influence of temperature and 
pressure is a very complex action 

The main products of cracking paraffins at low temperatures, say 4oo°-5oo° C , 
are paraffins and olefines 

Dunstan and Thole suggest that at these low temperatures the more complex paraffin molecules 
split up into simpler paraffin molecules and into olefines thus — 

CHg CHg CHg CHa CH^ CHg CHg CHg paraffin 

CHj (CHalaCH =CH 2 +CH 3 CHa CH 3 Cn3(CH2)4CH = CH 2 +CH 4 

Olefine Paraffin Olefine Paraffin 

The simple paraffins, being stable at the given temperature, are assumed not to change further, 
whereas the olefines, being veiy reactive bodies under these conditions, rapidly undergo further 
transformations, and condense, with elimination of hydrogen, forming complex molecules These 
also are unstable under the temperature conditions, and again split up into paraffins, naphthenes, and 
other unsaturated compounds The higher olefines are thus centres of change It has been shown, 
for example, that erythrene is an almost universal product in the cracking of petroleum, being 
produced from higher olefines thus — 

CH^, =CII -CIIsH.R >CH2=CH-CH = CH3-f R H 

Cyclo paraffins and similar compounds are assumed to be produced thus , — 

Heptane CHg -CH2 = CH2- CHg- CHg- CH2-CH3 

4' 

Hexylene CHj - CH^ - CH2 - CHa - CH = CHa + CH* 

4 /CH2-CHa\ 

Cyclo hexane CIIox /CH2 

Moreover, in the presence of free hydrogen (split off from decomposing hydrocarbons, eg 
C2Hg = C2H4+ II2) the cyclo paraffins may split up, yielding ordinary paraffins, thus — 

XH2-CH2V 

CH2<: >Cn2 + H2=CH3 CHg CH2CH2CH2CH3 

^CHa-CHa^ 

A E Dunstan and F B Thole illustrate the behaviour of a paraffin cracked at the lowest 
possible temperatures (400®-500® C ) by the following scheme — 

Paraffin 


Olefines 

1 


Lower Paraffins 


Cyclo paraffins 

1 

Lower Olefines 

1 

1 

Erythrene 

1 

Hydrogen and Carbon 

1 

1 

Paraffin 

1 

Ethylenes 

1 

Partly polymerises 

1 

Partly Methane 


When paraffin oils are cracked at high temperatures (eg, yoo^-Soo” C ) quantities 
of aromatic compounds, like benzene, toluene, etc , make their appearance 

Berthelot believed that, at high temperatures, hydrocarbons broke down into acetylene, which 
then polymerised into the different aromatic bodies thus — 

2CH4:;ZtC2Ha+3Ha 3CaHa 

Berthelot proved that acetylene at a dull red heat produced benzene, styrolcne, naphthalene, 
retene, etc , and at a bright red heat was decomposed into its elements. ^ 

The fact that acetylene could not be detected among the products of decomposition of hydro- 
carbons has caused this “ acetylene” theory of production of aromatic compounds to be regarded 
as improbable 
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Bone and Coward, in 1908, suggested the formation of nascent radicles, such as CH^ ; 
CHa=, and CH^ — ; which, at high temperatures like 700® or 800® C , have only a fugitive 
existence, and which, by uniting together, form the aromatic molecules found in petroleum 
cracked at high temperatures, but which also decompose, yielding hydrogen, methane, and carbon 
Dunstan tnd Thole illustrate this by the following scheme — 


C + H 
l_l 
I 

CH4 


I 

CH4 


Acetylene 

Aromatic 

Hydrocarbons 


Hydrocarbons 



CH, 


(CH2). 

Cyclo paraffins 


Aromatic 

Hydrocarbons 



QH4 

I 

Polymers 


CH^ 


Di-olefines Hydrogen 

(ciLix 

Cyclo paraffins 


Influence of Temperature on Cracking of Petroleum Oils 

At the highest temperature there is a complete decomposition of the hydro 
carbons into their elements 

The decomposition on which cracking or decomposition begins depends upon 
the molecular weight and composition of the oil The more complicated the 
molecule the more readily it decomposes Unsaturated hydrocarbons decompose 
more readily than saturated compounds , the more unsaturated the compound, the 
more readily it undergoes the change 

The velocities of the chemical changes are profoundly altered by even small 
alterations of temperature, an increase of lo"* C in general doubles the velocity of 
reaction 

^Iteration of temperature also profoundly alters the nature of the products formed, 
very small differences of temperature causing very different products to appear 

Moderate temperatures 500® C ) yield a mixture of paraffins and olefines 
> Higher temperatures 700® C) tend to cause the generation of aromatic 

foodies, together with olefines, di-olefines, and a small quantity of paraffins 
^•Rittman considers that gasoline formation begins about 400° C, and 
approaches a maximum at 5oo'’-55o‘* C The greatest content of aromatic 
hydrocarbons occurs between 650” and 700® C 

A temperature about 1,000^* C yields mainly permanent gases (methane, 
hydrogen, etc ) and a tar similar to coal tar, containing aromatic hydrocarbons 

In general, an increase of Icmpcralure favours the production of substances whose formation is 
atconqmnied by the absorption of heat (1 e , endothermic bodies), cun\ersely, the formation of bodies 
whose formation is attended by the evolution of heat (r e , exothermic bodies) is checked by rise 
of temperature 

For example, heat is evolved duiing the change (J 4- 2H3= €1^4 + 21,750 calories Hence 
if heat IS admitted to the s)stem the eiiuihbrium is displaced in such a direction that heat is 
absorbed, r ^ , the dissociation of methane CH4 sets in On the other hand, we would expect that 
an endothermic action s’ch as C5Hg = C3H4 + H, - 31,270 calories, would be favoured by an 
increase of temperature 

By observing this rule it is possible to predict what compounds are likely to appear as the 
temperature increases 


Effect of Pressure on Petroleum Cracking 

In any reversiblle reaction an increase of pressure causes the equilibnum to be 
displaced in the direction in which the volume diminishes, t e , increase of pressure 
favours the formation of products possessing a smaller volume Conversely, a 


2 
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diminution of pressure favours the production of substances occupying an increased 
volume. 

For example, methane may be formed from carbon thus 

C + 2H2 = CH4 

2 vols X vol 

As the change is accompanied with a diminution of volume (the volume occupied by the carbon 
IS negligible in comparison to the volume of the other gaseous products present), we would expect 
that at a high pressure the formation of methane would be favoured 

Similarly in the reaction C9H^=C2H44-H|^ an increase of volume occurs, and a diminution 
of pressure would favour this reaction, while an increase would act unfavourably on it. 

Generally, increase of pressure favours the hydrogenation of unsaturated com- 
pounds and carbon, and tends to inhibit the decomposition of a paraffin into lower 
olefine compounds. 


Effect of Catalysis on Cracking of Petroleum 

In a reversible action the presence of a catalyst merely accelerates the establish- 
ment of the conditions of equilibrium appertaining to the particular temperature 
and pressure to which the system is subjected A catalyst never establishes a 
different state of equilibrium than that corresponding to the temperature and 
pressure prevailing, different catalysts acting by increasing the rate at which the 
chemical changes take place, the quickening taking place in both directions to the 
same extent 

We have shown that, at a sufficiently high temperature, all hydrocarbons are 
decomposed into products of a lower molecular weight In the presence of 
catalysts these changes take place at a lower temperature, and thus with a greater 
degree of ease and smaller loss 

Coke — This has been proved to have a specific action in promoting the action C + 2H2 =Cll4 
It also accelerates the decomposition of methane, and accelerates the formation of diphtnvl 

Redaced Nickel — Acetylene passed over reduced nickel at 250° C yields carbon, hydrogen, 
and liquid hydrocarlxins These hydrocarbons on being hydrogenated over nickel at 200^-306“ C 
yield paraffinoid and cycloparaffinoid bodies, very similar to petroleum 

Zanetti states that reduced nickel at high temperatures innibits the formation of hydrocarbons. 

Alunumum Chloride — Heavy petroleum residues were converted by Humphrey’s into 
aromatic bodies by the action of aluminium chloride, and a cracking process founded on this 
property has been patented 

Other anhydrous metallic halogen compounds appear to act simultaneously 

Alumina and Flondm polymerise certain hydrocarbons {e g , ethylene) to aromatic compounds 

Iron shavings, Metallic Oxides, etc — These have been used as catalysts, their action 
depending on the extent of surface exposed 


Technical Processes for Making Motor Spirit by Cracking 

Petroleum 

The processes may be divided into three main types : — 

I. “ Still ” processes 

2 “ Tube ” processes. 

3 Processes which depend upon the use of special catalysts. 

In **«tiir’ methods a large bulk of oil is heated to a high temperature for a considerable 
time, while passing slowly through a large still, the distillate being condensed best under pressure 
“Still” methods suffer from the obvious defect that a large bulk of a dangerously inflammable 
material is heated often under a high pressure to very high temperaturesu Large quantities of 
carbon separate out on the bottom ana sides of the still, forming non-conducting layers which 
render the still liable to over-heatup, and the “still” bottom to frequent failure, with consequent 
dmget of fire. 
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in the **tube*’ process, the oil or oil vapour is passed more or less rapidly through a 
system of heated tubes, condensed in the ordinary way, best under pressure. “Tube” methods, 
compared to ** still” methods, are more productive, less dangerous, less expensive for fuel, easier 
to o^rate,^nd produce a more uniform product. They are more troublesome as regards deposition 
of carbon in the tubes, although Hall (see below) appears to have surmounted this difficulty. 
Another defect which develops is the brittleness set up by the case-hardening effect of the 
continuous heating of the metal in contact with the carbon deposits Replacements and repairs 
are thus rendered difficult 

The ** catalytic” processes apparently have not come into great vogue, but a vast amount 
of experimenting on their use has taken place m the past, and is still proceeding 

We will discuss each of the processes in turn — 

I Still'* Process —In the ordinary process of cracking, with a view of 
obtaining an increased yield of low boiling hydrocarbons from heavier oils, the oil 
is placed in a large iron still, and is heated strongly The distillates from the oil, 
instead of being led off, are allowed to fall back into the hot residue in the stills, 
and are there subjected to a high temperature, causing partial molecular decomposi- 
tion into lower boiling constituents (see p 5) The oil is then distilled, and 
the volatile oils generated are separated by fractional distillation from the less 
volatile oils 

This process has been used since 1861 It was discovered owing to the carelessness of a still- 
nan, who built a strong tire under his still and left it running, intending to return in about an 
:iour He returned, however, four hours later, and found the still running a light-coloured 
pistillate of lower specitic gravity than that which was passing when he left 

In this ordinary process the distillation and heating proceeds under ordinary 
atmospheric pressure, the cracking effect depending upon the temperature alone 

It was soon found, however, that when the pressure was increased the yield of 
light low-boihng products was greatly increased by carrying out the heating of the 
oil and also the condensation of the distillates under pressure 

Consequently in all modern developments of the cracking process both condensation and 
distillation are carried out und^r pressure of the gaseous products of decomposition This causes 
an increased portion of unsaturated gases to unite to form condensed and saturated hydrocarbons, 
and decreases the amount of gas evolved The increase in the yield of light low boiling hydro- 
cirbons is very great (often 33 per cent ), and the proportion of unsaturated hydrocarbons 
correspondingly decreased, so that lx)th the quantity and quality of the spirit is thereby improved 

The Burton Process, worked by the Standard Oil Co , IS one of the best 
known processes of this type In this petroleum residues are distilled for 
production of low-boiling hydrocarbons at a temperature of 700® F to 800® F 
(37<> C to 420'' C ), and under a pressure of about 80 lbs on the square inch, the 
whole plant being maintained at this pressure by means of valves placed at the 
outlet of the condenser Fig 411 shows the plant The general arrangement seems 
the same as the Dewar-Redwood process described below 

In order to increase the decomposition of the oil, catalytic plates are suspended 
in the boiler These plates may be made of metal, such as steel or some other 
suitable material, such as gauze, asbestos fibre, glass, etc These plates are 
immersed in the liquid Catalytic plates suspended alxive the liquid level seem 
equally effective for the purpose 

This process was patented by Burton, one of the directors of the Standard Oil Co of Indiana, 
and Its* use has been successfully developed on a large scale in all the Standard Oil Companies of 
the United States. It is covered by a number of patents, eg , English Patents, 29,862, 1912 , 
^» 593 » *914; 21 , 275 , 1914. 7,541, 1915; 1,226, 1915 

The practical disadvantages attending the manipulation of a plant of this type arc great, 
although not insuperable, as is proved by its commercial success m the U S The main disadvantage 
IS the fact that in order to maintain the maximum degree of cracking, a high temperature {e g , 
370® C to 426® C) combine I with a high pressure , 80 lbs per sq m ) is essential Now 
the bottom of the still soon becomes covereri with a thick layer of deposited carbon, and this renders 
the bottom of it liable to overheating and rupture under the high interior pressure The result of 
auch a rupture, with the®spread of boiling oil and gas and the danger of fire, must be difficult to 
control. Hence it is that practical difficulties have limited the Burton process to a size of still 
holding about 8,000 gals., small enough to enable the results of a boiler failure to be kept within 
tnanageable limits 
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These difficulties seem inseparable from the distillation of large volumes of hydrocarbons under 
high pressures, and has led to a great development of “ tube” processes which are described below 

The idea of converting the heavier hydrocarbons into lighter hydrocpbons by 



Fk» 4a — The Burton Process 


distillation under pressure is an old one, and it is difficult to see on what grounds 
the patent was granted for the Burton process 

For example, James Young, jun, m 1865 (see English Patent 3,345, 1865), 



Fig 43 — The Dewar Redwood Process 


patented a method of distilling heavy shale oil under pressure, the particular object 
in view being to increase the burning oil yields 

The plant consisted of a pot still and condenser of the ordinary typS, the former being fitted 
with a safety valve and also a valve at the vapour outlet, whereby the va^urs issuing from the still 
could be throttled so as to maintain any desired pressure of the still The vapours in this fashion 
escape freely to the condenser, and are there conaensed 
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Again, in 1889, Dewar and Redwood (see English Patents, 10,277, 1889 \ 
13,016, 1890, 5,971, 1891) patented an arrangement similar to Young’s, but the 
valve was placed at the condenser exit instead of the still exit, so that both 
distillatiofl and condensation were effected under pressure, while free communication 
existed between the still and the condenser (See Fig. 4^ ) It is suggested in this 
patent that the air of the still should be replaced by carbon dioxide or other inert 
gas in order to avoid danger of fire or explosion. 

This process gave good results while it lasted It was designed to increase the yield of kerosene 
“kom Russian oil, but the employment of oil fuel on the large scale caused the raw material to 
become as valuable as the kerosene which was produced from it, and so the process was abandoned, 
since the demand for motor fuel to replace petrol had not yet arisen 

2 Tube Processes. — The two best known processes of this type are Hall’s 
and Rittman’s, which we will describe in detail 

Hall’s Process (see Hall,y<9//rw Inst, Petrol Tech ^ 1915, 1 147-166 See also 
English Patents, 1913, 17,121 and 24,491, 1914, 2,948, 7,282, 12,962, 1915, 
1,594 and 16,069) — In this process the oil is vaporised and passed through a 
system of continuous coils, each about 600 ft , and made of cold-drawn tubing of 
I in internal diameter Here the oil is subjected to temperatures and pressures 
which vary according to the nature of the oil and the product desired. The oil 
is fed in under a pressure of 50-75 lbs per square inch at a rate of over 70 gals, 
perbour, the oil passing in at the cooler end of the retort and is gradually heated 
and vaporised, and the vapours rushing through the tube attain the rate of 5,000- 
6,000 ft per second in the last portions of the coil where the temperature is 
highest 

The exceedingly great velocity keeps the tubes clean and free from danger of becoming choked 
by deposited carbon A nest of tubes can run for 250 300 hours without cleaning, and then 
only a few of the tubes require to be replaced by clean ones, and the nest can be restarted 
immediately Any carbon formed is blown by the rapidly moving vapours into the expansion 
lubes and dephlegmators, where it can be easily removed 

The vapours rushing out at the end of the tube suddenly expand into a wider 
vertical tube, 12 in or more in diameter, and about 12 ft high, filled with pieces 
of thin iron pipe about i in long and f in in diameter The vapour impinges 
directly on a baffle at the lower end of this tube, and the sudden reduction of 
velocity and pressure (which falls to nearly atmospheric pressure at this point) 
cau‘iies about 99 per cent of the free carbon to be deposited on the pieces of the 
pipe The temperature of the vapour also increases here by about 30* C , the 
vertical tube thus acting as a secondary cracker 

The rise of temperature on expansion is due partly to the transformation of the kinetic energy of 
the high velocity of the gases into heat, and partly to the disruption of the molecules of the oil. 
We discuss elsewhere the effect of diminished pressure on the splitting up of hydrocarbon mole- 
cules It is in the vertical tube that most of the cracking takes place 

The vapours are now sucked at atmospheric pressure through a series of 
dephlegmators m which fractions of the required boiling point are separated. 
Here also part of the condenser vapours are caused to combine with the gases 
which would be otherwise permanent, the light fractions of the product being 
thereby increased by 33 per cent 

In the first dephlegmator a little soft spongy carbon and pitch separate out , in 
the second a heavy residue free from pitch , and in the third a very light mobile 
residue. 

The vapours, now cooled to about 100* C. and at about atmosphenc pressure, 
are drawn into a single acting mechanical compressor working at 70-100 lbs. per 
square inch. Here^they are cooled and stored under a pressure of 50 lbs. per 
square inch. 

Curiously enough, the temperature of the gases falls when thus compressed, no doubt due to the 
rapid polymerisation of some of the lighter hydrocarbons since it is well known that some of the 
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unsatorated hydrocarbons produced in cracking oil polymerise readily at ordinary temperatures 
and pressures. According to Hall, owing to the combination effected in the compressor between 
the condensible vapours and fixed gases the spirit obtained is free from objectionable resinous oils 

The tubular system is periodically removed from the furnace, and blown through with com 
pressed air to remove any carbon deposited The short pieces ot iron pipe in the vertilal pipe are 
also periodically removea and heated in a sfiecial furnace to free them from carbon, etc 

Control of Temperature. — It is extremely important to maintain the tubular 
system at the exact temperature found necessary for the special oil under treat- 
ment, the reason being that at the high temperatures employed the thermal 
coefficients of the velocities of the various chemical reactions are very great, so 
that a slight alteration in temperature may give rise to enormous differences m th§ 
products evolved. No cracking process can be successful unless steady tempera- 
ture conditions are maintained 

Complete control of the temperature up to 5* C is maintained in Hall’s plant, and once the 
optimum temperature of cracking of any particular oil has been determined, this temperature 1$ 
rigorously adhered to 

The rate of feed of oil to the tubes is also very carefully regulated by meters, being checked to 
5 per cent of the feed per hour 

Hairs process has been worked (i) for motor spirit ; (2) for benzene and toluene 

1 In Working for Motor Spirit the temperature of the exit of the tube is 
kept at 500^-600* C , the exact temperature depending on the nature of the oil 
The oils coming from the second and third dephlegmators are usually sent throjigh 
the still again when motor spirit is the product desired By this means yields of 
70 per cent of motor spirit have been obtained from the original oil 

2 In Working for Aromatic Compounds^ like benzene and toluene, higher 
temperatures are used than for motor spirit The exit tubes are usually kept at 
750’ C, and the pressure 105-110 lbs per square inch A large amount of 
permanent gas of high calorific value (1,350 B T U ) is produced, and a good yield 
of spirit containing 18 5 per cent benzene, 175 per cent toluene, and 6 per cent 
xylene These products are easily refined, and then only contain 1-2 per cent 
paraffin. The toluene produced is as easily nitrated as coal tar toluene 

A Hall plant capable of handling 10,000 American gals oil per day costs 2,000 

In 1916 a Hall’s installation, consisting of eight converters, with the necessary tram of 
dephlegmators, compressors, condensers, and tanks, was worked daily for eleven months with 
complete success, but failed to produce toluene so cheaply as other methods, and its use for this 
purpose appears to have been abandoned 

It is doubtful whether this process could compete with other methods of obtaining benzenf^and 
toluene from coal tar, and also from certain kinds of petroleum, merely by distilling the latter and 
collecting those fractions likely to contain the benzene and toluene which occurs naturally in many 
petroleums These fractions are then washed first with 90 per cent sulphuric acid in order to 
remove the olefines, next with fuming sulphuric acid, which takes out the benzene and toluene in 
the form of benzene and toluene sulphonic acid This mixture is then nitrated in the ordinary 
way, and explosive nitrobodies obtained and separated 

The Rittman Process -—(See English Patents, 1915, 9,162 and 9,165 , al>o 
Journ. Soc Chem Ind ^ 1914, 6, 261 , Journ. Ind Eng. Chem ^ 1914, 6, 383, and 
472, 1915, Metall Chem Eng ^ Vol 13, p %Z2 , fourn. Ind Eng Chem ^ 1915, 
Vol. 7, pp 945, 1019, 1916, Vol 8, p 20) 

The Rittman process for the manufacture of gasoline and benzene-toluene from petroleum 
and other hydrocarbons was worked out under the direction of the United States Bureau of Minc'», 
the process arising out of the abnormal prices prevailing in the United States in 1915 for toluene 

The plant, as described m the patent in its simplest form, consists of 10-15 ^ 
length of 10 in diameter metal pipe set vertically in a furnace, so arranged that the 
temperature of the pipe gradually increases from the top to the bottom Heavy 
oil IS continually injected under pressure into the upper part of the tube, and 
instantly vaporises at the temperature existing there, and the resulting vapour 
passing down the tube through the region of higher temperature is “ cracked,^* and 
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finally the ** cracked ” products pass, still under pressure, through the condenser 
from which the liquid and gaseous products are distributed to the tank and gas 
holder respectively. The temperature and pressure recommended as giving the 
best resalts are 900**1,300® F. (480**705* C), and up to and over 300 lbs. per 
square inch. In the commercial plant for the manufacture of benzene-toluene 
the temperature employed was 700* C. and the pressure 150 lbs. per square 
inch. 

The commercial plant consisted of six furnaces, each heated with twenty-two gas burners, and 
containing two rows of five vertical cracking tubes iij ft. long and 8 in. in diameter. To each 
tube a separate condenser and separate oil supply was fitted. The carbon which separated on the 
walls of the hot cracking tubes was removed by wiping chains attached spirally to a rotating rod 
passing up the centre of each tube. The carbon thus removed was collected in a special carbon 
pot at the bottom of the tube, and was 
removed by means of scrapers. Every few 
days the cleaning device was removed and 
cleaned. 

When gasoline is to be made, 
the oil is fed into each tube at the rate 
qf 30 gals, per hour. When benzene- 
^luene is to be made, however, the 
feed is reduced to 15 gals, per hour. 

Curiously enough, the reactions 
w<?re found to be nearly independent 
of the kind of oil used, but solvent 
naphthas and the light oil distillates 
from coal and water gas tars gave a 
better yield of benzene-toluene than 
was obtainable from petroleum, and 
were also easier to manipulate, 

Rittman claims that when petroleum is 
used, and when working for gasoline, a yield 
of 25-30 per cent, gasoline is obtained, 
together with 70-75 per cent, oil above 
150® C., which is available for re-running 
through the plant. When working for benzene- 
toluene the following are obtained : — 

6-8 per cent, benzene, 6-8 per cent, 
tolpene, 4-6 per cent, xylene. 

6-8 per cent, gasoline, 25-30 per cent, 
creosote oil and pitch (inclusive of higher 
aromatic hydrocarl)ons and lubricating 
oil)> 3*5 per cent, carbon, 45-60 per cent, 
gas. 

The gas evolved is of high calorific value (1,000-1,400 B.T.U.) per cubic 
foot, and when the plant is worked for benzene-toluene it is more than sufficient to 
use as fuel for heating the furnace. When the plant is worked for gasoline, however, 
there is not quite sufficient gas for this purpose. 

The cost of the installation based on a unit of four tubes is stated to be j^l,l46 per tube, which 
includes building and equipment, but not the storage tanks or apparatus for dealing with the 
products. A plant capable of dealing with 18,000 American gals, of oil per day worked for 
benzene- toluene is stated to cost ;^68,ooo, and consists of sixty tulips. 

Rittman’S apparatus has been subjected to much criticism ; the cracking tubes 
have been stated to be unwieldy, and the vapours passing through such wide tubes 
cannot be evenly, heated because oil vapours are bad conductors of heat. The 
design of the furnace, it has been stated, makes the attainment of an equable 
temperature difficult. The operation of removing and cleaning the cleaning rods 
whilst hot must be difficult, and renders the process intermittent, while intermittent 
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heating and cooling of the pipes and brickwork must act injuriously on them 
Apparently the process has been abandoned. 

Thus, A Bender, chief chemist of the Carnegie Plant, Aetna Chemical Co., in the 4 ii/, Painty 
and Drug Reporter for May 1917, states that the Aetna Explosives Co invested over 100,000 m 
the process up to the time of shutting down the plant in 1916 During the last six months of 
operation 8,500 gals, of oil per day were passed through the furnace The cracked oil contained 
on the average only 3 per cent of benzene and 2J per cent of toluene on the oil used. Only 
about half these quantities were separated in a state pure enough for profitable use The heavy 
oil from the furnaces contained much carbon, which was settled and distilled up to 175° C The 
distillate was freed from a considerable amount of sulphur dioxide and then fractionated into 
different fractions The crude benzene and toluene fractions contained a large amount of 
unsaturated hydrocaibons, which were removed by washing with sulphuric acid, then with caustic 
soda, and then rectifying 

The presence of paraffin hydrocarbons boiling at near the same temperatures as benzene and 
toluene rendered the production of more than 89 93 per cent benzene or toluene almost 
impossible The toluene is stated to have been so contaminatea with paraffin as to be almost 
useless for the manufacture of trimtro toluene The benzene, however, was used for making 
synthetic phenol, for denaturing alcohol, and for blending into high grade benzols 

Bender stated that the cost of production of benzene and toluene by cracking processes is 
prohibitive except in abnormal war times 

3 Catalytic Cracking Processes — Cracking processes depending upon the 
use of a catalyst have been very numerous, but it is doubtful whether anyone has 
been an unqualified commercial success The main difficulty is the fact that most 
of the catalysts are soon poisoned by sulphur, etc , m the oils, and lose their 
efficiency Also the cost of regenerating the catalyst and the difficulty of keeping 
It in intimate contact with the oil have so far hindered progress There is, however, 
in this direction, a rich field for experiment which may ultimately lead to the 
invention of processes which will supersede the older processes previously 
described, which are very wasteful 

Valpy Lucas Process (see English Patents, 20,470, 1913, 2,838, 1914)-^ 
In this a mixture of oil and steam is brought into contact with a heated catalyst 
such as nickel or other metal or metallic oxide The catalyst can be mad^ by 
heating a metallic oxide or mixture of oxides with organic compounds of the metal 
The use of permanent gas partly saturated with ammonia is also suggested 1 he 
oil to be cracked is distilled in a separate still, and the vapours are run through a 
cracking tube packed with the catalyst and heated to 550'' C to 600*" C Ihe 
cracking vapours are then passed through fractionating, condensing, and stripping 
plant Part of the uncondensed gas is then driven under slight pressure through an 
ammonia saturator, and then back to the still, where it is sprayed over the surface 
of the oil This acts mechanically in carrying the oil vapour away as fast as it is 
generated in the cracking tube Also it somewhat reduces the temperature of 
distillation of the oil Probably a portion of the ammonia is dissociated, forming 
nascent hydrogen, which then, under influence of the catalyst, hydrogenises some of 
the unsaturated hydrocarbons formed, and also tends to inhibit the separation of 
carbon 

The ammonia also aids in the production of a sulphur free oil, even from 
Mexican oils containing 6-7 per cent of sulphur. Fig \d shows a Lucas plant 

A Lucas plant has been in operation at Dagenham for two years, and, according to Lomax, 
Dunstan, and Thole, the refined spirit was water white, and completely free from the u^nal 
deleterious polymerisation products They estimate that a cracking plant, of this type, capable of 
producing 2,000,000 gals of spirit per year, would cost 50,000 

A large number of patents on similar lines have been taken out , all sorts of 
substances have been proposed as catalysts, such as reduced nickjl, iron, aluminium 
chloride, kaolin, pumice stone, porcelain, etc. Also the passage of the vapour 
over electrically-heated wires of various sorts has been patented by various 
inventors. The idea of hydrogenising the unsaturated hydrocarbons by the 
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Fig. Lucas Oil-Cracking Plant. 
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generation of nascent hydrogen, or by the action of a hydrogen-evolving material, 
appears to have been extremely attractive to technologists 

A full account of these and other similar patents will be found in Dunstan, 
Thole, and Lomax’s paper mentioned above. 


CASINGHEAD GASOLINE 

Production of Casinghead Gasoline —Casinghead gas is the name given 
to the hydrocarbon gases which escape from petroleum wells. At one time it was 
burnt as the easiest method of disposing of it At the present time the lighter 
hydrocarbons are extracted from it by washing it with petroleum oils 


In the Compression Process the gas from several wells is piped to a convenient 
centre, and is then passed through a single or double stage compressor, which 
forces the gas under a pressure of 50-300 lbs per square inch (the exact 
pressure depending upon the exact nature of the gas), through a series of water- 
cooled metal condenser pipes, whereby the liquid hydrocarbons in the gas separate 
out, and are collected in tanks under pressure The uncondensible gases are piped 
away, and burnt under boilers, or used for internal combustion engines 

A unit compressor installation costs about ;^3,ooo, and handles 500, cxx) cub ft of gas per 
day In order to pay, the gases treated must yield more than ij gals of gasoline per 1,000 
cubic feet. 


In the Absorption Process the gas is pumped, under pressure, through a series 
of perforated pipes immersed in heavy oil contained in tanks The heavy 
oil dissolves out, and retains from the gas its heavier constituents, while the 
unabsorbed permanent gases pass away as before to the place of consumption 

The heavy oil is then steam distilled, and the casinghead gasoline recovered 
and stored in tanks under pressure 

1 he condensed liquid consists principally of petane, hexane, liquefied butane, a 
little heptafne, and liquefied propane 

In 1913, 30,000,000 gals of casinghead petroleum were recovered in the United States Ii> 
1916 this increased to 80,000,000 gals 

A nch gas may yield 8 gals of casinghead petroleum per 1,000 cub ft , while a poor gas will 
yield only half a gallon An average yield is 2j gais per 1,000 cub ft The storage and 
transport of gasoline petroleum is effected by mixing it with a certain amount of heavy naphtha, 
whereby its excessive volatility, and the high pressures, amounting to 50 lbs in hot weather, is 
overcome 


Properties of Casinghead Petroleum — The specific gravity is sometimes 
as low as o 630 (if taken from a second stage compressure it may fall to o 609), but 
the average is o 645-0 648 The gasoline is then usually mixed in equal volumes 
with naphtha of specific gravity 0.753-0.761, which gives a blended gasoline or 
motor spirit of 0.700-0 705 

Properties of Ordinary Motor Spirit— Motor spirit formerly had a 
specific gravity of 0.680, and a distillation range of 95® F. to 270® F. (35® C to 
^32® C.) It consisted mainly of petane, hexane, and heptane, with a little butane, 
cjctane, and decane It volatilised readily, even m the most primitive carburetters 

At the present time the motor spirit on the market is usually heavier than 
this, since the improved design of modern carburetters permits the use of less 
volatile spirit 
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The best grades of motor spirit now have an average specific gravity of o 725, 
and all the members of the paraffin senes, from butane up to hexadecane, are now 
present 

The following figures are given by Annan Soc Chem. Ind , 1917, Vol. 36, p 246) as the 

results of distilling various kinds of motor spirit, No i being motor Spirit from the year 1900, 
Nos 2 to 6, motor spirit produced by the simple distillation of petroleum , No 7, a spirit made by 
cracking a heavy oil ; Nos 8 to 12, spirit produced by fractionating Scotch shale oil 


Moior Spirit 


Source 

Specific Gravity 
at 6 o'C 

Range of 
Distillation 

Motor spirit of year 1900 

0679 

97®.26o'* F 

0 728 

I34'’-36i° !■ 


0744 

«S6°-347° y 

Motor spirit from petroleum - 

0 767 

I52“-376® F 

0 722 

«32'’-336° F 


0741 

I42‘-358'’ F 

Motor spirit made from crack- '1 
ing heavy oil - - • / 

0 716 

i36'’-32o‘’ F 

{ 

0 722 

I22°-3I6’ F 

Motor spirit from fractionated I 

0 726 

I46°-336° F 

Scotch shale oil • - 1 

0 705 

0 7JI 

97 °- 2 TS° F 
142° 338° F 

1 

0 730 

123 ° 3 ; 8 ‘‘ F 


Properties and Composition of Cracked Oils. — Cracked oils contain 
paraffins, cyclo-paraffins, olefines, di-olefines, and aromatic hydrocarbons The 
crude spirit is foul smelling, has a yellow colour which intensifies with standing, 
and when used in a petrol engine gives poor results and much carbon is deposited 

Hence, before the product is marketable, it must be subjected to a thorough 
refining process in order to remove the highly unsaturated hydrocarbons which 
give the oil these objectionable characteristics Refining losses and costs are high 

The large amount of olefines and di-olefines present render difficult the refining 
of the spirit by sulphuric acid, since these unite with their own weight of sulphuric 
acid, with the evolution of much heat and discoloration of the liquid 

The di olefines yield on storage a viscous yellow liquid which is only slightly soluble in the 
light spirit, and separates as a heavy oil On heating, this oil decomposes with almost explosive 
violence, forming a hard resinous substance The supernatant spirit may also explode when heated, 
owing to the decomp^'sition of the oil 


Analysis of Cracked Oils. — According to Dunstan and Thole, oil is placed 
in a stoppered burette and shaken with excess of cold concentrated sulphuric acid, 
which dissolves olefine and di olefines The violence of the action may be 
moderated by a preliminary shaking with 80 per cent, acid The residue is 
measured, and the diminution m volume gives the amount of olefines present 

The residue is next shaken with cold, slightly fuming sulphuric acid until 
absorption ceases; the absorption here indicates the amount of aromatic hydro- 
carbons. 

The residual spint consists of paraffins and cyclo-paraffins. 





INDUSTRIAL CHEMISTRY 


14/1 

The following analyses by Dunstan and Thole are typical :• 


z. Cracked spirit (B P. 8o''-i30*’ C.) intended as source of benzol and toluol*— 


Olefines and di-olefines • 



. 


P«rCknit 

• 17 

Aromatic hydrocarbons - - - - 

a. Cracked spirit for motor fuel, B P. 85*-87® 0 *— 




• ^3 

100 

Olefines and di-olefines - 

- 

• 

. 

- 

- 46 5 

Aromatic hydrocarbons - 

- 

• 

. 


' 29 s 

Paraffins and cyclo paraffins 





24.0 

zoo 

3, Cracked spirit for motor fuel— 

Olefines and di-olefines - 

* 


. 

. 

18 

Aromatic hydrocarbons - 

• 

- 

- 

- 

7 

Paraffins and cyclo paraffins 





75 

100 
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IL— MINERAL WAXES, INCLUDING ASPHALT 
AND BITUMEN 

By G Martin, Ph D , D.Sc 
LITERATURE 

Gregorius — “ Mineral Waxes ’’ London, 1908 
Peckham — “ Solid Bitumens ** New York, 1909 
Boorman — “Asphalts ” New York, 1908 
Lindenberg — “Die Asphalt Industrie ” Vienna, 1906 

Also the general works mentioned under “ Mineral Oils,” especially B. Redwood’s 
“ Petroleum and its Products ” 3 vols London, 1906 

Paraffin wax is obtained from two principal sources — 

I From petroleum 
2. From bituminous shales. 

Paraffin from Petroleum 

The crude oil is distilled and its more volatile constituents removed, forming 
the benzine and burning oil distillates. The residue is subjected to a further 
distillation in a special vacuum still This consists of a cast-iron boiler a (Fig 5), 
provided with an opening for charging, a safety-valve c, and an outlet tube d. 



Fig. 5 —Vacuum Oil Still 
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The distillate passes over into the coil b, which is immersed in a cold water 
tank. Here it is condensed and flows through p into the reservoirs o and G| 
by way of the four-way tap f. A glass window commands a view of Jfie dis 
tillate as it flows from the coil. The apparatus is kept exhausted by a power- 
ful air-pump attached to h. The oil can be run away through the tubes /j. 
The retort is heated by direct firing. When all the oil has distilled over, a mass of 
fluid pitch remains behind in the retort, and is run away through d into small stills, 
and is there subjected to considerably higher temperatures, being finally converted 
into coke. 

The bulk of the thick, heavy, oily distillate from the “ Residuum,” very rich in 
paraffin, is run while hot into closed “mixers,” 3-5 per cent, of concentrated 
sulphuric acid is added, and the fluid is churned up and thoroughly mixed by a 
powerful air blast driven through it A vigorous action takes place whereby the 
bases, sulphur compounds, and unsaturated hydrocarbons are either dissolved out 
by the acid or converted into resinous matter , much sulphur dioxide is evolved 

The sulphuric acid “tar” at the bottom is run off, the oil freed from excess of 
acid by washing with caustic soda solution and water, and the slimy mass is run into 
long, narrow, iron cylinders, and cooled to 15* C. by water. A mass of dark 
coloured paraffin wax crystallises out, and is separated from the excess of oil by 
forcing the whole under very high pressure through a filter press, which retains the 
paraffin on the canvas sheets stretched through it, but allows the oil to flow away. 
The paraffin cakes thus obtained are compressed under 100-200 atmospheres m 
hydraulic presses, and a further quantity of oil squeezed out. This crude scale, 
still containing, say, 2-5 per cent, of oil, was formerly refined by repeatedly mixing 
with benzene, crystallising, and pressing the cake hydraulically. But this and other 
processes have been superseded by the simple and cheap “sweating process” 
discovered by Mr J. Hodges of Pricers Patent Candle Co (English Patent, No. 3,241, 
1871). In modern practice this consists of allowing the crude scale to crystallise 
slowly on a thin layer of water in shallow iron pans which are placed in tiers in a 
brickwork “oven” provided with steam coils. When sufficiently solid the water 
IS run off* and heat gradually applied. The oil and softer paraffins dram away, 
leaving the harder paraffin much improved in colour. If desired, it may be again 
sweated to produce a harder paraffin, while the softer paraffins are recovered from 
the oily drainings by subjecting them to the same process. In all cases the some- 
what yellow sweated cake remaining in the tray is melted out and agitated with 
successive quantities of some decolourising agent. This may be the “animal 
charcoal” recovered from the “melt” in prussiate of potash making, or Fuller^ 
earth, or similar powders, from which the refined paraffin is clarified by pumping 
through filter presses. 

The crude scale obtained from filtenng the oil at 15” C. may yield paraffin wax 
ranging from 65* to, say, 5 s’* M.P. The oil from which this harder paraffin has been 
separated is cooled to - 5* C., and a further deposit of softer scale separates. This, 
after purifying as above described, melts at 3o'‘-45* C , and forms paraffin of the 
second quality. 

It may be noted that the higher the melting point of the paraffin the greater 
Its commercial value. Consequently the temperatures of workmg are so regulated 
as to obtain as great a yield as possible of high-melting paraffin. 

Paraffin from Oil Shales and Bituminous Coal. 

The Scottish oil shales yield, when distilled, large quantities of an oil very 
rich in paraffin. A considerable quantity of paraffin wax is also obtained from 
brown-coal tar, which is extensively worked in Germany, The general method of 
separation and purification is similar to that outlined above. * 

Paraffin is a mixture of solid hydrocarbons of the Paraffin Series. It forms a 
Hard white translucent mass extremely inart di^ically. Eiqposed to a slight 
pressure at a temperature below its melting point it becomes transparent, but 
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reverts to its usual translucent state on cooling or on bein^ struck* The substance 
ts odourless, tasteless, insoluble in water, slightly soluble in alcohol, easily soluble 
m ether, benzine, and carbon disulphide. According to its source its specific 
gravity varies from 0.86-0 91 at 15* C. and o 74-0 76 at loo* C. When pure it can 
be distilled almost without decomposition. The best varieties melt between 56* C. 
and 65* C. Inferior varieties melt so low as 30* C, being at the same time soft, 
though still retaining their crystalline structure. Hard paraffin is used chiefly for 
making candles. It burns without smell and yields more light than the oxygen-rich 
stearin and beeswax. It has the defect of softening at a temperature below its 
melting point, and consequently must be hardened by mixing with stearic acid 
(5 per cent, and more). The softer sorts of paraffin are used for making wax 
matches, tapers, etc etc. 

Ozokerite, Ceresine, Earthwax.— Ozokerite or earth wax is the solid residue 
left behind when petroleum evaporates. It occurs m very large quantities, mixed 
with earth, in most oil-bearing districts. The most productive sources are in 
Galicia, where over 8,000 tons are mined yearly. Large quantities are found in the 
Caucasus and in North America. Immense unworked deposits exist on the island 
Df Cheleken in the Caspian Sea 

The raw wax, mixed with earthy impurities, is melted in large iron boilers by means of hot 
vvater The wax is drained away from the earthy residue and is known as ** melted wax The 
earthy residue left behind m the ^iler is extracted with benzine and the wax thus obtained is called 
“ c'^racted wax ” 

The crude wax thus prepared (melting between 6o*-7o® C ) is now heated to 140^-150* C. with 
20-25 of fuming sulphuric acid in cast-iron boilers provided with mechamcal stirrers. 

A vigorous action sets in and tne wax separates into two layers, on^ractically pure ceresine and 
the other a black resinous mass containing most of the impurities The heating is continued until 
all the sulphuric acid has been expelled as sulphur dioxide and the resinous layer completely 
decomposed into a charred mass. Next animal charcoal, bone black, fuller’s earth, or other 
decolounsmg agent is stirred m, the melted wax filtered through hot steam-jacketed filter presses, 
and obtained as a yellowish mass. It is rendered perfectly white by repeating the treatment with 
sulphuric aad (using, however, less than before) and animal charcoal. The wax remaming in the 
decolourising powder is extracted with benzme. 

The substance thus prepared is known as “ Ceresine It resembles beeswax 
in appearance, being much less crystalline than paraffin. It melts between 6o* and 
70* C , and IS sometimes used in conjunction with paraffin wax in candles. It can 
seldom be recommended, as most grades gutter and smoke freely. Sp. gr. 091- 
092 (15.5* C) 

Besides candlemaking, ceresine is used for preparmg insulating compounds in electncal work, 
for making furniture and shoe polishes, for adulterating beeswax, and for making artificial vasehne 
(by mixing with oil). Its chemical constitution differs from that of paraffin, since it, apparently, 
consists of a mixture of olefines having the formula C^IIs,,. 

Adulteration of Ceresine — Owing to its high price ceresine is often adulterated with paraffin 
wax, bleached resin, and (in order to raise its melting point) small quantities of camaiiba ivax 

U) Rosin may be detected by boiling the wax with alcohol and titrating the alcohohc solution 
with standard KOH. 56.1 parts of iCOH neutralise 346 parts of rosinic acids. Ceresine is a 
neutral body, but feebly soluble in alcohol, while rosin contains much acid matter, easily soluble 
in alcohol. 

2) Paraffin m ceresine may be detected by boiling with absolute alcohol, cooling, filtenng 
a few drops of the alcohol on to an object glass, and examining under the microscope If a 
crystalline residue separates paraffin is present, since ceresme is not crystalline, and is only very 
fee^ soluble in alcohol. 

To detect small quantities of c^esine in paraffin (put in to raise its melting point) dissolve 1 g 
of sample in 10 c.c. carbon disulphide at 20** C. A clear solution shows that less than xo per cent 
ceresine is present Now run x c.c. of the solution into a test tube containing 5 c.c. ether and 5 c.c. 
absolute alcohol (96 per cent). Shake. Ceresine is present if white flocks separate. This test 
breaks down if the paraffin wax melts above 54* C. (Graefe, Ckem. Zett,, 1903, 248). 

(3) Cenuffihn wax is detected by saponifying with alcoholic caustic soda, and boiling the 
unsapioni^ble residue with twice its we^ht of acetic anhydride under reflux condenses Serrate 
bwef law of acetic anhydride (which contains the waxy alcohols from the cnmattba Wax) firom the 
hydrocarixHii floatii^ on the surfime, running the lower layer from a separatiim fonnel into boiling 
water. Wash predi^te of the idc^olic acetates ftom tlm wax, dry at xoo* C. and wei|^ 
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Determine the saponification value (p 62) of the mixed acetates, and isolate the alcohols by 
acidifying, filtering on the precipitated alcohols, and crystallbing them from alcohol Then take 
their melting points 

The mixed alcohols from camauba wax melt at 85* C and their acetates have a saoonification 
value of 123. 

Asphalt or Mineral Pitch is probably the residue from the evaporation of 
petroleum as it exudes from the earth, changed by long contact with the atmosphere 
Trinidad and Bermudas asphalt have the approximate composition € = 82 3 
82,8 per cent. ; H« 10 7 per cent , S«6 per cent , N ■•0.75-0.81 per cent 

In some parts of the Caucasus are hills of asphalt over lOO ft. in height, through which the 
black heavy oil still slowly exudes Part of the island of Cheleken in the Caspian Sea is simply a 
vast mass of asphalt, the accumulated residue of thousands of tons of petroleum which have escaped 
in past tiroes from the ground and evaporated tn situ. But the most wonderful deposits in the 
world occur in Trinidad, where a r^lar lake of pitch, 127 acres in extent and of unknown depth, 
exists, and is mined for asphalt Over 1,500,000 tons of pitch have already been removed from 
this lake, and 100,000 to 150,000 tons are yearly exported from Trinidad Extensive deposits of 
a somewhat harder vanety are also worked in the neighbourhood of the lake (La Brea) 

Large deposits of asphalt occur in Cuba, Venezuela, Bermudas, California, Utah, Texas, Canada, 
and parts of Europe 

Asphalt IS much used for paving streets, making black varnishes, for electrical 
insulators, as a protective paint for the interior of chlorine stills and acid tanks, 
and for waterproofing. A product very similar to natural asphalt may be produced 
by blowing air through the hot residues left in petroleum stills 

Montan Wax is a white substance prepared from bitumen extracted from lignite by means of 
volatile solvents It melts at 8o°-86° C and is used as a carnallba wax substitute in the manufacture 
of polishes, and as an insulating material in place of ceresine When distilled with superheated steam. 
It ^elds white “ Montanic Acid,” M P 70*-8o®— a mixture of fatty acids and hydrocarbons The 
still residues — montan pitch — are used as insulators and for gramophone cylinders. The proposal to 
use montan wax as candle material and even as candle stiffeners has not been very successful (See 
English Patent, 5,999, 19CO, German Patents, 101,373, 116,453, 202,909; Zett fiir Angewand 
Chern , 1901, No 44, p iiio ) 

Statistics —In 1910 England exported 290,000 cwt of paraffin wax (value^ ^zSSfOOO) and 
imported 1,064,000 cwt {value^ ;fl,oi7,ooo). In the same year 69,000 tons of asphalt or bitumen 
(value ;^i69,7oo) were imported. The Scottish shale oils yielded m 1909 about 500,000 cjyt of 
paraffin wax. 

The figures for the United States for 1910 were — 

Imports 1910 

Paraffin and Paraffin Wax - 7,082,000 lbs (value ^334, 000) 

Asphaltum and Bitumen - 146,000 tons (value 8712,000) 

Exports 1910 

Paraffin and Paraffin Wax - * 196,980,000 lbs (value 87,886,000) 

Asphaltum and Bitumen - 19,600 tons (value 8488,000) 

The author’s best thanks are due to Messrs Price & Co for kindly reading through the article 
also to Mr W H Stephens, A R C.S , for expert advice and assistance. 

For Vegetable Waxes see p. 6o. 
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INTRODUCTION 

Fats and fatty oils occur disseminated throughout the tissues of almost all 
animals and seeds in the form of minute globules enclosed within a thin skin, 
forming a reserve food for the organism. Pressure alone will not usually suffice to 
break up the animal fat cells ; the tissue must be heated when it shrivels up as it 
loses water, while the increasing temperature causes the fat globules to expand, 
burst the cell, and flow out as a liquid mass. In the case of v^tabte seeds 
pressure alone oftm secures the expulsion of the oil although here, loo the 
operation is much facilitated by a gentle heat. 

3 
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The difference between a fatty oil and a fat is merely one of physical condition due to 
temperature ; an oil fireeaes into a fat, and a fat melts to an oil* In a warm climate a substance 
will always appear as an “oil,” whereas the same body will appear to the inhabitants of a colder 
clime as a solid fat. Thus, for example, cocoanut oil is liquid in India but solid in England, 
where it is used by v^etanans in place of butter. As previously explained, “ mineral ” oil 5 » are 
quite different in chemical character to a vegetable or animal oil. 

Chemically considered, fats and fatty oils are bodies produced by the chemicai 
[Union of glycerol with fatty acids. Glycerol is a trihydnc alcohol, of formula 
C3H5(0H)8. It is capable of combining with three molecules of fatty acids to 
form “triglycerides,” thus • — 

OH OR 

C,H,OH + 3.ROH « C,H5.0R + slifi 
.OH .OR 

Glycerol Fatty Actd Triglyceride Water 
of Fatty Acid 

Where R stands for the radicle of the fatty acid. 

Fats and fatty oils are merely mixtures of these triglycerides of the fatty acids 
The three glycerides which usually predominate in most fats are solid tristearin, 
solid tnpalmitin, and liquid triolein — the respective glycerides of stearic, palmitic, 
and oleic acids. Solid fats usually contain much stearin and palmitin, but little 
olein ; liquid fats, on the other hand, consist principally of olein Other fats and 
oils exist {e g , linseed and castor oils) which are composed of glycerides of other 
acids than those mentioned above. We append a list of the principal fatty a^'ids 
occurring in natural fats and oils, together with the names and formulae of their 
triglycerides 


Fatty Acids and their Triglycerides 

Saturated Acids of the Acetic Senes CnH 2 n+i COOH 


Acid 

Formula 

M P 

rc) 

BP ro 

Corresponding 

Glyceride 

Formula 

t 

Formic - 
Acetic - 
Propionic 
Butyric \ 

(normalise) j 
Valeric \ 

(normal iso) | 
Caproic - 
Aethanthylic - 
Caprylic 
Perlsurgomc - 
Capnc • 
Undecylic 
Launc - 
Tridecylic 
Mynstic 
Pentadecatoic- 
Palmitic 
Margaric 
Steanc - 
Nondecylic - 
Arachidic 
Medullic 
Behemc- 
Camailbic 
Hyaenic 

Ctf otic - 
Melissic- 

H COOH 
CHs COOH 
CaHft COOH 

C3H, COOH 

C4HJ COOH 

CeHii COOH 
CeHij COOH 
C7H15 COOH 
CgHiT COOH 
CgHjo COOH 
CioHa COOH | 
CiiHasj COOH 

CiaH 25 .COOH 

CisHjff COOH 

Ci.HjjCOOH 
C,bH„,COOH 
CwH,8 COOH 
Ci 7H«,.C00H 
CigHjy COOH 
Q8 Hm.C 00H 
CaoH4x COOH 
CaiH4,.COOH 
Cj»H4r.COOH 
C24H4. COOH 
CmH«.COOH 
CggH„.C 00 H 

83 
16 s 
-22 0 
/ -79 

1 -790 

J -585 

1 -51 0 

-8 0 
- 10 0 

165 
12 5 

31 3 
28 0 
436 

405 

538 

I'"" 

62 0 
60 0 

693 

66.5 

770 

83 0 

72.S 

78.0 

91.0 

lOI 

118 

I4I 

162 \ 

154 i 

1851 

174 j 

205 

223 

237 5 

186 -v 

200 B 

212 S 

225 1 

236 0. 

*48 > i 

257 S 

268 g 

277 s 

287 45 
298J 

306 (60 mm ) 

Formin- 
Acetm - 
Propionin 

Butyrin • 

Valenn 

Caprom 
Aethanthylin- 
Caprylin 
Perlargonin • 
Oprin • 
Undccylin - 
Laurin - 
Tndecylin - 
Myristin 
Pentadecatoin 
Palmitin 
Daturin 

Stearin • 
Nondecylm ' 
Arachidin 
Medulim 
Behenin 

C,H ,(0 HCO), 
C,H .(0 CHjCO), 
C,H ,(0 CjH.CO), 

C,H .(0 C,H,CO)j 

C,H ,(0 C.HjCO), 

C,H ,(0 C,H„CO), 

C,H ,(0 C,HmCO), 

C,H,(O.C,H„CO), 

C,n ,(0 CaHijCO), 

C,H,(O.C,H,,CO), 

C,H,(O.CMHaCO), 

C,H,(O.CmH»CO), 

C,H ,(0 Cu,H*,CO), 

C,H,(O.CuH„CO), 

C,H,( 0 .C, 4 H»C 0 ). 

C,H,(O.C„HaCO), 

C,H,(OC„H«CO), 

C,H,( 0 .C„lCC 0 ), 

C,H,(O.C„H,*CO), 

C,H.( 0 .C»H 4 ,C 0 ), 

C,H,(O.CnH 4 ,CO), 
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Fatty Acids and their Triglycerides— 

UnsaturaUd Fatty Acids of the Oleic Series. CaHjn.jCOOH 


Acid 

Formula. 


B.P. (• C.) 

Correspond- 
ing Glycende 

Formula 

Acrylic - 
Crotonic 
Ibo-crotonic - 
Angelic • 

» Tiglic 

Hypogaeic 

Oletc 

CgH, COOH 
CgHg COOH 
C3H, COOH 
C4H7 COOH 
C4Hy COOH 

CigHag.COOH 

Cx^Hg, COOH 

+13 
71 5 

IS 5 
45 

65 

140 

ilJos 

169 

S 

223 (10 mm ) 
250 (super- 
heated steam) 

1 Olein 

C,H ,(0 C„H„CO), 

C,H ,(0 C„H„CO), 

Unsaturated Fatty Aads of the Ltnolic Senes, CnHgn^gCOOH 

Elaeostearic • 
(fllaeomargaric) 

Linolic - 

• 

1 C„Hj, COOH 
C.,H„ COOH 1 

43 

below 

-18 

} 

Elaeostearin 

Linolein 

CjgHggC 0)3 

Unsaturated Fatty Acids of the Ltnolenic Senes CnH.^n_5COOH 

} Linolenic 

f 

CivHgg COOH 

Liquid 


Linolenein - 

C3Hg(0 Ci^Hgg 00)3 

U ns atu fated Fatty Acids of the Rectnoletc Senes 

• 

Recinoleic 

• 

Ci 7 H 32 (OH) COOH 

4 


Recinolein • 

C3H3(0 CxvH3g(0H) CO)3 


It may be noticed that monoglyceridcs and diglvcendes, corresponding to the formulae 
OR OR 

C3H5 OH and CsHg OR, exist m rancid or partially hydrolysed fats, while mixed glycerides of the 
aOH OH 

ORi 

formula CgHg ORg (Rj, Rg, Rg, corresponding to three different acid radicles) certainly occur in 
OR3 

small quantities in certain normal fats, e ^ , in ordinary bulter fat, also m tallow 

Fats are usually neutral bodies, but old or rancid fats often contain large 
quantities of free fatty acids, t^hich may be extracted by sodium carbonate solution 
or by alcohol Old palm oil, and some fish oils, often contain no less than 
60 per cent, of free fatty acids 

" While at ordinary temperatures some fats are white crystalline solids, others are 
fluids, fatty to the touch , all produce permanent grease-spots on paper , they are 
insoluble in water, slightly soluble in alcohol, easily soluble in ether, benzine, 
chloroform, carbon disulphide, and carbon tetrachlonde. When distilled alone 
they decompose, producing vapours of acrolein; with high tension steam they 
distil with partial saponification into free acids and glycerol. 

Pure fats are tasteless, odourless, and keep for years When, however, they 
contain small quantities of nitrogenous animal or vegetable impurities they often 
turn rancid in the presence of air, decomposing into free acids and glycerol by a 
process of enzyme hydrolysis. Oxygen is absorbed during this change, and the 
adds formed are often oxidised to oxyadds, while the glycerol is also partially 
destroyed. In air-tight vessels, in the absence of oxygen, fats do not become rancid. 
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When heated with an aqueous (but best with an alcoholic) solution of sodium 
or potassium hydroxide fats are completely ** saponified” into glycerol and the 
alkali salt of the fatty acid, thus : — 

C,Hu(O.CitH-CO)t + 3NaOH = C,Hg(OH), + 3CwH35.COONa 

TrUtearm Caustic Soda Glycerol Sodium Stearate 

(ordinary soap) 

The metallic or inorganic salts of the fatty acids are called soaps. 

Other bases, such as slaked lime, magnesia, and lead oxides, readily saponify most fats, the 
resultant soaps, however, being usually insoluble 

It should be particularly noticed that the alkali carbonates, such as sodium or potassium 
carbonates, will not saponify fats even when boiled with them at ordinary pressures Heated under 
high pressure m autoclaves they readily saponify (see p lo8) 


Statistics Relating to Mineral, Animal, and Vegetable Oils and Fats 
Imported into the United Kingdom. (For details regarding Mineral Oils, 
see pp. 13, 14.) 






Quantities 



Articles. 





Value 




1906 

1910 

in 1910. 









Oil, 

Fish viz., train, blubber, sperm 
head matter .... 

or) 

-J 

-Tuns 

27,808 

46,101 

927,231 


Animal 


Cwt 

165,659 

105,571 

146,654 


Castor 

- 

»» 

50.329 

26,898 

39,334 

>1 

Cocoa-nut : unrefined 


t* 

335,545 

539,686 

1,013,629 

1.136.736 

» 

,, refined 


it 

202,491 

500,219 

>> 

Mineral jelly (including vaseline) 

. 

it 

. 

21,773 

47,960 

tt 

Olne unrefined 

- 

Tuns 

9,419 

6,905 

299,922 

ff 

„ refined 

- 

tt 

4,967 

6.3” 

386,189 

tf 

Palm • unrefined 


Cwt 

1,223,787 

1,994,385 

3,056,614 

tt 

,, refined 

. 

tt 

61,684 

60,775 

XII, 800 

tt 

Mineral and lubricating (for details 

. 

. 

... 

5.653,802 


see p 13) - 





• 

tt 

Seed- 







Cotton-seed oil unrefined • 


Tons 

1,786 

902 

22,984 


,, ,, refined 

Linseed oil • pure - 


»» 

10,884 

15,950 

562,672 



tt 

17,056 

37,242 

1,252,141 


,, not pure • 


tt 

1,508 

1,221 

13,489 

25.477 


Rape seed oil ... 


tt 

11,050 

359,166 


Other seed oils 


tt 

4.627 

12,455 

398,597 

tt 

Turpentine .... 


Cwt. 

512,836 

472,247 

1,001,216 

tt 

Essential, natural - 


Lbs \ 

1,882,080 

f 1,983,063 

320,218 


,, artificial • 


„ i 

\ 169,599 

34,3^ 

tt 

Unenumerated 


Value 


160,741 


Total of oil 

• 

- 

... 

S 

16,966,532 

Oleo-margarine or oleo oil 

- 

Cwt 

291,932 

448,215 

1,116,383 

Tallow and stearin - - - - 

- 

tt 

1,933,836 

2,462,771 

4,194.489 

Lard 

• 

tt 

2,049,367 

1,452,493 

4,520,074 

Oil-seed cake, containing no dutiable 






ingredient — 

Cotton-seed cake - 







. 

Tons 

155,160 

157,277 

952,884 


Linseed cake 

. 

»» 

167,791 

104,210 

860,015 


Rape-seed cake - 
Other sorts .... 

- 

»» 

13,229 

23,169 

111,034 


• 


24,018 

32,410 

185,671 


Total of oil-seed 

cake 

• 

360,198 

317.066 

2,109,604 

Nuts and kernels, for expressing oil there- 
from 

j- Tons 

57.265 

95,950 

1.915.279 
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Superheated steam or hot acids **hydrolise” fats into glycerol and free fatty 
acids, thus . — 

C,H5(OCx,H,5CO), + 3HaO « CjH^COH), + sq^H^COOH 

TrUteann Water. Glycerol Steanc Acid 

Certain ferment# present in seeds (especially in castor seeds) readily split fats into glycerol and 
fatty aads at ordinary temperatures. See under Candles^ p 93 

The fats and fotty oils are used for making soap, candles, lubricants, varnishes, paints, for 
burning in lamps, and for edible purposes. The industry is an enormous one 

Fats have been artificially synthesised ; for recent work see Grun and collaborators, Btr , 1907, 
xl , 1778-1791, 1792-1801, and later papers. 


The following numbers refer to the Exports from the United Kingdom * — 


Articles. 

Quantities. 

Value 
in 1910 

1906 

1910. 

Oil, other than essential, or medicinal — 





,, Cocoa nut unrefined 


Cwt. 

3o»236 

73.173 

126,710 

,, ,, refined - 


it 

13.730 

228,109 

430,663 

,, Olive unrefined 


Tuns 

23 

22 

L 354 

,, ,, refined . • 

• 

Cwt. 

1x2 

368 

49,125 

A Palm unrefined 

• • 

2.583 

48,214 

84,801 

„ „ refined 

• • 

ft 

17,162 

13.710 

23,458 

,, Seed — 






Cotton-seed oil * unrefined 

• 

Tons 

159 

41 1 

11,979 

,, ,, refined 

• • 

»* 

26,155 

29,501 

874,571 

Linseed oil pure 


it 

21,954 

21,463 

837,7*2 

,, not pure - 


it 

2,403 

3,021 

98,851 

Rape-seed oil 


ft 

3.92S 

5,052 

I 4 t ,368 

Other seed oils 


Value 

459 

38,944 

1,122,146 

Other sorts, unenumerated 




1,561,634 

Total of oil 


ft 


— 

5.364,372 

• 

Oil-seed cake, not sweetened — 






Cotton-seed cake • 

- 

Tons 

21,432 

10,150 

49,613 

Linseed cake 

. 

t» 

450 

682 

5,021 

Rape-seed cake 

- 


1,822 



Other sorts - 

* 

if 

2,423 

164,590 : 

1.032,549 

Total of oil-seed cake, not 

i 




sweetened 

- 

r ’• 

1 26,127 

1 

175.422 

1,087,183 

Oleo-margarine 

• 

Cwt 

! 

1 10,705 

81,381 

206,360 

Grease, tallow, and animal fat - 

• • 

it 

1 726,697 

719.705 

• 


The following statistics show the magnitude of the industry in the United 

States •— 


Imports in 1910 


Article 

Quantity. 

Value 

Fish oils 

Cocoa butter, butterine - - • • - 

Cocoanut oil 

Hemp* and rape-seed oil . • . . 

Nut „ „ 

Olive oil (free) 

„ (dutiable) 

Palm oil 

Oleo steam 

2.311.000 gals 

3.369.000 lbs. 

48.345.000 „ 

1.082.000 „ 

5 . 759.000 gals. 
842,000 „ 

3.702.000 „ 

92.771.000 lbs. 
7,684,000 „ 

1727.000 

679.000 

3.341.000 

464.000 

2.440.000 

477.000 

4.869.000 

5 . 590.000 

901.000 
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Exports in 1910. 


Article. 

Quantity. 

V'ali.e. 

Fish oils . - - ... 

1,529,000 gals. 

.$370,000 

Lard oils 

151,000 ,, 

131,000 

Other rendered oils . _ . . . 

53 S»ooo „ 

401,000 

Corn oil ... ... 

11,299,000 lbs. 

643,000 

Cotton-seed oil - - - - - 

223,955,000 „ 
228,426 gals. 

14,798,000 

Linseed oil ------ - 

155,000 

Oil-secd cake — 

Corn-seed cake 

49,108,000 lbs. 

689,600 

Cot ton -seed cake 

640,088,000 ,, 

9,071,000 

Linseed or flax-seed cake 

652,316,000 ,, 

9,489,000 

Beef tallow 

29,380,000 ,, 

1,780,000 

Lard 

362,928,000 ,, 

43,301,000 

Lard substitutes 

74,556,000 „ 

6,888,000 

Oleo oil - - - ... 

126,091,000 ,, 

14,305,000 

Oleo margarine . . - . . - 

3,419,000 „ 

350,000 


Manufacture of Animal Oils and Fats 



These are usually obtained by heating, the 
tissues rich in oil or fat, so as to cause the 
bursting of the fat-containing cell. 

Tallow (beef or mutton fat). — The “ rough 
fat ” fresh from the slaughter-house is placed in 
a lead-lined tank provided with a steam coil 
for heating, and an outlet passing to a chimney 
stack for the escape of offensive vapours. Hot 
water is poured on to the fat, and the vessel 
and its contents heated for some hoiys by 
the steam coil. On settling, the melted fat 
rises to the surface as a clear layer, and is 
drawn off through outlet taps into another 
vessel. The fat is now ready for use, unless 
when made from inferior materials, when it 
must be refined and bleached as described 
below. 

The residue of fatty matter left in the tank 
is acidified with a little sulphuric acid, and steam 
again turned on. The small amount of sul- 
phuric acid does not hydrolyse the fats, but 
partially destroys the cell membranes, thus 
setting free their occluded fat, which is run off 
as before into another vessel. An inferior 
variety of fat is thus obtained. 

Tallow for soap making (but not for 
comestible purposes) is rendered in digesters 
under pressure. Fig. 6 shows one of the large 
modern rendering tanks used in the American 
packing industry ; made of riveted steel plates 
and capable of standing a working pressure 
of four or five atmospheres, the largest ones 
are 8 ft. in diameter and 20 ft. high. They 
are provided with safety-valves, and discharge 
through a gate valve at the bottom. The 
Fig, 6.— -Packer’s Rendering Tank. tank is filled to within a foot of the junction 
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of the upper cone and the cylindrical portion of the vessel — the material (m 
Chicago) often consisting of putrid carcasses of animals which have died in transit, 
diseased flesh, and other waste products unfit for comestible products Then live 
steam at 40-50 lbs. pressure is turned on, and the contents of the boiler heated 
for eight to ten hours or so, the internal temperature being maintained at 130**- 
140® C Two air-cocks carry away the offensive fumes evolved during the heating. 
Finally the steam is turned off, the vent-pipes opened to allow the steam in the 
tanks to blow off, and the fat is allowed to settle. The clear liquid fat floating on 
the surface of the water in the tank is now drawn off through the top draw-off cock, 
and, as the level m the tank subsides, through the lower ones in succession Finally, 
water is pumped in from below, so as to raise the level of the fat (which, of course, 
floats upon the water) so that it too may be withdrawn through the stopcocks. 

Last of all the valve at the bottom of the tank is opened, and the contents run 
out into a series of settling tanks and catch basins to retain fat globules still in the 
water A sludge settles at the bottom of these tanks , it is drawn off and pressed. 
The liquid running from the tanks flows into evaporators (vacuum, triple effect) 



where it is boiled down into a thick “ soup The sludge press-cakes are now mixed 
with this, and the mass sold as “Tankage F'ertiliser 

Lard is the fat of the hog, which is separated from the slaughtered animal, 
and v/orked up as described above. 

Manufacture of Oleo Stearin and Oleo Oil from Beef Fat 

The fat from the recently slaughtered animal is rapidly removed and plunged 
into a vat, and washed with warm water until free from blood and other impurities, 
hardened by immersion m ice water, chopped into a fine mass by a machine a (Fig 7), 
and melted at 7o'’-75“ C in a steam-jacketed pan b, provided with slowly moving 
mechanical agitators The mass is allowed to settle, salt being strewn over the 
surface of the liquid in order to accelerate the settling out of membranes and con- 
nective tissue (which collect at the bottom). Next the clear oil is siphoned over to 
another series of melting kettles, c, usually situated on a lower floor More salt 
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IS added, and the temperature maintained at *10" -Zo" C until a second settling is 
complete. The fat, now free from membrane and connective tissue, is siphoned 
into shallow settling tanks and allowed to stand three to five days at a temperature 
(peculiar to each fat) which expenence shows is best suited for blowing tlfe stearin 
to crystallise. This stearin forms a crust over the surface, and the rest settles at 
the bottom, leaving a clear oil between The crystallisation completed, the crust 
is broken into fine fragments by vigorous mechanical stirring, and the pasty mass 
thus obtained conveyed to a revolving table surrounded by skilled workmen, who 
wrap the mixture into small packages in canvas cloth (each containing about 3 lbs 
weight), place them in hydraulic presses, and separate the oleo oil by great pressure 
slowly applied. The oil flows from the presses into large receiving tanks, while the 
solid stearin remains in the press as a cake, which is mixed with cotton-seed oil, 
and used for making lard substitute. The oleo oil is converted into margarine as 
described on p 85. Caul fat yields about 50 per cent, oleo oil and 30 per cent solid 
stearin, the precise yield varying considerably according to the temperature of 
pressing, the amount of tissue, and the quality of fat. 

Lard Stearin and Lard Oil are obtained by treating hog fat (lard) as above 
described The oil is used for illuminating purposes, and the stearin for the 
manufacture of lard compound and soap 

Fat from Garbage. — In large cities a considerable quantity of fat for soap- 
making IS made by heating sewage or garbage in upright steel tanks of 6 tons 
capacity with live steam at 30 lbs. pressure for six to eight hours. The mass is run 
into vats, allowed to settle, and the free water and grease floating on it are run off 
by drop-pipes into separating tanks The sludge is filtered through cloth, and the 
cakes of solid matter compressed and sold as manure 

Fish Oils are obtained from all parts of the body of common fish — such as 
sardine, salmon, sprat, herring, menhaden, etc , by boiling. The best sorts of Cod 
Liver Oil are prepared by heating the livers (taken from the fish brought ashore 
alive and treated the same day) of the cod fish in steam-jacketed vessels, when the 
cell membranes burst and the oil exudes Infenor qualities are obtained by treat- 
ing the putrid livers in a similar way , although unfit for medicinal purposes*it is 
largely used in the leather industry (see D^gras) Seal and whale oil are extracted 
from the blubber of the animals, sometimes on board ship itself, but more often in 
“trying” stations situated in Finnmarken, on the Lofotes, and in Iceland. The 
blubber is stripped clean from the flesh immediately after the arrival of the ship, 
cut into strips, chopped in mincing machines, delivered into melting pans, and 
boiled with steam. 

Menhaden Oil is prepared from the heads and intestines of fish, especially 
of the menhaden or mossbanker of the Atlantic coast of America , used in the 
leather, paint, and rope trades 

For Sperm and Arctic Sperm Oil see under Liquid Waxes. 

Manufacture of Vegetable Oils 

Vegetable oils and fats are obtained from oil-beanng substances (usually seeds) 
by two distinct processes : * — 

fa) By pressing in hydraulic presses 
(^) By extracting with volatile solvents. 

(a) Oil Extraction by Pressure 

Four distinct operations are usually performed — 

(i) The seed is crushed or ground in special machines so as to break the 
oil cells. 


* For blocks and illustrations of machinery employed m seed-crusliing, the authors have pleasure 
in thanking Messrs Rose, Downs, & Thompson, of Iiull 
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( 2 ) The ground seed is heated so as to facilitate the flow of oil and to coagulate 
the albumen. 

(3) The product is now gently pressed in a moulding machine to prepare it for 
the hydraulic press. 

(4) Finally, the seed is conveyed to hydraulic presses and the oil expressed. 

['wo different sorts of presses are used, viz., the Anglo-American (plate) and the 

cage or “cylinder” (clodding) presses. In the Anglo-American system (Fig. 8) the 
moulded seeds are wrapped in cloth bags and placed between a series of plates. 
The expressed oil runs down, and is collected in tanks below the press. In the 
“cage” system (Fig. 9) the seeds are confined in a closed chamber perforated with 
little holes, large enough to allow the oil to flow out, but small enough to retain 
the seed. The pressure being applied, the oil is forced out. The advantages of 
the latter system are : — 

(i) Very great pressures can be applied, so that nearly all the oil is extracted at 
a single pressing. 



Fk;. S. — Haltcry of Fmir Anglo-American Oil Presses, having a continuous gutter for 
collecting the ex[)ressed oil. (Rose, Downs, & Thompson, of Hull.) 


(2) No exudation of the mass from the edges of the cloths or bags occurs as in 
'the Anglo-American system. 

(3) The press cakes need not be “ pared.” 

The plate or Anglo-American system is usually employed for the treatment of 
seeds requiring one pressing. A combination of both systems is often employed 
for very oily seeds requiring two pressings, or for the production of two qualities 
of oil. 

Different seeds require a somewhat different treatment ; linseed and cotton seed, 
for example, require one crushing, wfliile castor seed and copra (the flesh of the 
cocoa-nut) are usually crushed twice. We will outline the process usually employed 
in the case of the more important seeds. 

Linseed. — The seed must be perfectly clean. It was formerly always necessary 
to pass it through a screening machine to remove impurities ; but now much of 
the linseed on the market is sold on the basis of 95 per cent, purity, and some at 
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97 per cent. ; such seed is ready for immediate use without further cleaning. The 
clean seed is now passed to the rolls or crushing machinery c (Fig. lo, which 
represents a complete oil mill designed by Rose, Downs, & Thompson, pf Hull). 
The seed is passed into the hopper in the usual manner, and is distributed to the 
crushing rolls (made of hardened chilled iron) by a fluted feed roller of the same 
length as the crushing rolls placed at the bottom of the hopper. The feed of the 



Fic. 9. — Cage or Circular Box (Clodding) Oil Press. 
(Rose, Downs, & Thompson, Hull. ) 


seed to the rolls can be altered at pleasure. As the seed passes the feed roll, it falls 
on to a guide-plate that carries it between the first and second rolls. After passing 
between these and being partially crushed, the seed falls on to a guide-plate on the 
other side, and is carried between the second and third rolls, where it is further 
crushed. It then falls on another guide-plate, which carries it between the third 
and fourth rolls, where it is ground still more. In large rolls it can be carried 
between a fourth and fifth roll before it receives the final crushing. 



Fl(]. 10. -A COMPLETK Anoi.o-Amkrk'an Oil, Mli.l,. 

(Designed hy Rose, Down.s, I'i: Thompson, of Hull, Kiighuid.) 

In the above illustration the complde process is shown. The seed passes ihionoh the mils ('; fiotn ihesr an elevator I) places it in 
the kettle h, from which it passes into (he nioukhnfj machine G, where it is measured, lomied, and coin])iess(d ; and thence it passes to the 
presses H. The cakes, after being pressed, are cut to size in the paring machine I, and the parings reduced to meal bv the small edge-stones I. 

The parings are returned, to be reworked, to the kettle F. 

The presses II stand in a tank into wliieli the expressed oil falls, from whence it is forced to the stove-tanks, or filters, by a pump. 

[ 7 h fiKt pqt 28. 
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The crushed seed or meal is now raised by the elevator d (Fig 10) into the 
kettle or heater f, where the mass is warmed by steam to the right temperature 
in order ^ to facilitate the flow of oil when in the press, the heat also serving to 
coagulate albuminous matter in the grain. From the kettle the heated grain falls 
into the moulding machine or former c, where it is squeezed into cakes suitable 
for placing in the hydraulic press The moulding machine also serves to accurately 
measure the amount of crushed or heated meal required for a cake, thus ensunng 
the production of cakes with little vanation in weight. 

The cakes thus formed are wrapped in cloth bags and placed m the hydraulic 
press (Fig. 8, and h, Fig 10) One of the larger Anglo-Amencan presses will take 
some sixteen cakes 28 in by 12 in. each, separated from each other by a steel plate 
When the press is full the pressure is slowly turned on, and the oil begins to flow 
from the compressed meal, at first slowly and then very rapidly, the oil running 
down the sides of the machine into a tank in which the presses stand, and from 
which It is forced by a pump to the filters or store tanks. When the pressure has 
been applied for three or four minutes the flow of oil practically ceases, the oil 
simply dripping from the compressed cakes until the pressure is released If more 
presses than one are being used, they are filled one after the other until the whole 
battery of presses are charged The meal cakes are allowed to remain under 
pressure from ten to forty minutes (the exact time varying with the special conditions) 
and then the pressure is released on the first press in the senes and the ram allowed 
to descend. The cakes are removed one by one as the ram descends, and fresh 
charges of meal introduced wherever a cake is removed. The cakes as they are 
removed are placed on the paring machine, their cloth bags stripped off, and their 
oily edges cut away by the paring machine, these oily parings being reduced to 
meal again by small edge-stones j (Fig 10), and returned to the kettle F (Fig 10) 
to be worked up again If a cage or circular box (clodding) press is employed the 
cake need not be pared — one great advantage of the latter system The finished 
cakes are placed on racks in which they are allowed to stand until perfectly cool, 
when they are removed to the cake-house or store The cake racks are usually 
placed in the most draughty part of the mill to assist the cooling process. Other 
similar small seeds are treated in much the same manner as linseed Among 
these we may mention sunflower, mustard, China or Soya beans, some kinds oi 
rape seed, poppy seed, and similar seeds requinng but a single pressing 

Cotton Seed also requires but a single pressing. Two varieties exist — the 
black seed and the white , the former has its husk quite clean and free from adherent 
cotton (example, Egyptian cotton seed), while the husk of the latter is covered with 
short white cotton fibres (examples, American cotton seed, Indian cotton seed). 
Both classes of seed are treated in England in much the same way as linseed, the 
only difference being that the seeds as they leave the rolls are ground beneath 
powerful edge stones before passing on to the kettles In the United States, how- 
ever, the cotton seed is first decorticated, te^ the husk of the seed is entirely 
removed, only the resulting kernels or “ meats being pressed The advantage 
of this treatment becomes obvious when it is realised that practically 50 per cent 
of the seed is husk, and that consequently a mill removing thil by using decorti- 
cators can' treat twice as much seed as a mill of the same size, but without decorti- 
cators The husks are used as cattle food, fuel, or manure, as the case may be 

Castor Seed. — This seed, being very rich in oil, is usually worked twice, the 
first time cold, and the second time hot. The seed must be very well cleaned 
before pressing, which operation is best earned out in cage presses, the seed 
being pressed in its natural state without any preliminary crushing at all. The 
best medical oil is the cold-drawn, and consequently it is greatly to the advantage 
of oil manufacturers to press out as much oil as possible at a single pressing 
Immense presses have been erected for this purpose in some mills. A set of four 
giant presses is shown in the plate (Fig. 1 1), which represents a modern and improved 
type of press battery, designed by Rose, Downs, & Thompson, and used in some 



30 


INDUSTRIAL CHEMISTRY 


large English oil mills. Each set comprises two presses, having cages or cake 
chambers 19 in. diameter and 9 ft. long internally. These chambers are finely 
perforated, so that while retaining the solid residue, they allow the oil and other 
fluids to escape. Each press has its own kettle, 60 in. by 26 in , while the rams are 
forced at a pressure of 3 tons on the square inch. The seed is fed whole to the 
kettles, are there heated by steam to about 32* C , and afterwards pressed at 3 tons 
on the square inch. The resulting cakes contain from 8.5 to 10 per cent, of oil 
The whole battery of four presses is worked by two men, and press a total weight of 
2 tons of seed per hour. 

Presses of this type are specially suitable for the first pressing of all kinds of 
very oily seeds, such as castor, sesame, ground nuts, copra, palm kernels, etc, 
producing a maximum quantity of first pressing oil, and reducing the oil in the cakes 
to such small proportions as to render a second pressing unnecessary, or permitting 
the remaining available oil to be extracted by solvents. In view of the high prices 
commanded by first-pressure oil, such presses effect a very great economy, although 
the first cost is high. In mills where less powerful presses are employed, the solid 
cakes resulting from the first pressing are ground up in suitable machinery, warmed, 
and pressed again 

A very effective modern process is to first press with a cage machine, and 
then extract the bulk of the oil from the resulting cake by solvents. Such extracted 
oil cannot be used for edible purposes, but is valuable for soap-making, lubricating, 
etc. The meal from the solvent contains only i per cent of oil This mi3^ed 
process is largely worked on the Continent 

Copra. — This material is the flesh of the cocoa-nut. It is usually pressed twice 
owing to the difficulty of making cakes when pressed only once (unless very 
powerful presses are employed) and also on account of the very large amount of oil 
It contains. The copra is passed over a magnetic machine to remove all pieces 
of iron, smashed up in disintegrators, crushed in Anglo-American rolls, and auto- 
matically conveyed to the kettle or heater of the presses, which may be either 
‘‘Anglo-American'* or “cage” type, for the first pressing. Usually the material is 
worked cold the first time, the resulting cakes being ground up and heated {or a 
final pressing. This process, with slight deviations, is used for treating all very oily 
seeds, such as ground nuts (Arachides), palm kernels, sesame, copra, etc. 

{ b ) Extraction of Oils and Fats bv Means of Volatile Solvents 

The oil cakes obtained by the pressing process may contain anything between 
7 and 10 per cent, of oil. Such cakes are often sold as a valuable cattle food 
Occasionally, however, when larger quantities of oils and fats than can be obtained 
by pressing are desired, the rest of the oil is extracted by solvents, which can be 
easily made to remove all except, perhaps, i per cent Bones are extracted in 
the same manner. 

On the large scale three solvents are employed, viz , carbon disulphide, petroleum ether 
(benzine), and carbon tetrachloride. 

Chloroform and Ether, although excellent solvents, are at present too dear to employ for 
extracting on the large scale 

Carbon disnli^de, CS^ boils at 46* C. and has a sp. gr of i 293 It is a colourless 
liquid and smells somethmg hke chloroform. When impure, however, it contains evil smelling 
stuphur compounds, from which it may be purified by distilling first over sodium carbonate and then 
over fredily pressed plant oils, which retain these imparities almost completely Carbon disulphide 
easily inflatnes and so is a dangerous substance. Its vapour sometimes catches fire when in contact 
with hot metallic surfiices heated to about 150* C., so that a violent explosion can be caused merely 
by a hot steam pipe or beanng heated by fnction 

With Petroieiim ether, Mling between 80*- 120* C., the danger of inflammation is much less 
and at the same time it is cheaper. It is, therefore, gradually replacing carbon disulphide. Carbon 
ctolphide, however, is the better solvent, resinous fots and old palm oil being much more soluble 
m it than in petroleum. 




Fig. u.— Immense Cai;e Pkkssks Used eor Kxi'KEssiNt; Ca-stok C<ii. from Castor Seed. 
(Rose, Downs, & Thompson, Ltd., Hull.) 


[To face page IQ, 
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Carbon tetrachloride, CCI4, is a good solvent, being easily volatile (B.P. 76.5® C,, sp. gr. 
1.582) and non-inflammable. It is being employed for extracting Ixines and fats, the products 
obtained having a good colour ; the odour of the tetrachloride can be completely expelled by 
blowing steam through the oil. Oils extracted by petroleum spirit always retain its smell. The 
main disau vantage that carbon tetrachloride suffers from is its great weight {sp. gr. 1.582), its 
dearness, and the fact that it attacks metal work. It must be noted that both carbon disulphide 
and carlx>n tetrachloride exert a poisonous physiological action, whereas petroleum spirit is not 
poisonous enough to affect the workmen. 

Two methods of extraction are employed : — 

1 . Extraction by cold solvents. 

2. Extraction by hot solvents. 

1. Cold Extraction.— This is preferable as regards fire insurance and is 
largely practised with carbon disulphide for obtaining palm fats out of palm kernels. 

The crushed and warmed seeds are charged into a (Fig. 12) (one of a battery of 
six closed iron cylinders) on to a perforated bottom f covered with sackcloth, and a 
stream of carbon disulphide from a reservoir is allowed to percolate through, 
passing in by b and flowing away by l 
(which is provided with a strainer) into 
the next cylinder of the series. The 
solvent thus flows through each cylinder 
in order, from the top to the bottom, re- 
maining for a short time in each before 
passing on into the next. The solvent 
leaves the battery charged with about 50 
per cent, of fat. The exhausted cylinders 
are heated by a current of steam passed 
in through c, and the solvent still in the 
seeds is driven off* through d, condensed 
in long tubes, and used again. The sol- 
vent containing the fats is pumped to the 
steam-heated still r, where the solvent is 
boiled off by the steam coils j k (Fig. 1 3), 

Th^ vapours rise through m and the 
solvent is recovered by condensing the 
former in a special condenser. The resi- 
due of oil or fat left in r is freed from 
solvent by blowing steam through it, 
after which the oil is run off through p 
and allowed to stand until the condensed 
water has separated out. The battery of 
vessels is so constructed that any one can 
be made the last of the series ready to 
be discharged and refilled with fresh meal, so that the process is a practically 
continuous one, the only time lost being in the actual refilling and discharging, 
which is effected by removing the clamped-down cover from a. 

^ The loss of solvent amounts to only 0.5 per cent, to i per cent, on 100 parts of 
fat. The^ fat is digested with a little concentrated sulphuric acid, and drawn off* 
into wooden vessels. Fat obtained from carbon disulphide extraction is nearly 
odourless, whereas that obtained by this process from benzine still retains a slight 
odour of this solvent and may be used for making soap. 

2. Hot Extraction. — In this process the extraction takes place continuously 
with a limited amount of solvent charged once for all into the apparatus, which is 
merely an enlarged form of the Soxhlet extractor employed in the laboratory. 

An apparatus extensively used for extracting fat from bones by means of benzine 
is illustrated below. 

The degreasing boilers a, a (Fig. 14) are filled with air-dried bones which rest on the 
perforated floor n n. The lower space b is heated by means of a steam coil d. By 
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means of a nozzle b live steam can be blown in. Benzine 
is heated in the boiler c by means of a steam coil, and 
the benzine vapour, rising upwards, is superheated to 
i2o"-i3o® C. in the tubular superheater d by means of 
high-pressure steam. The superheated benzine vapour 
issues from small holes in the tube r and streams 
upwards through the bones, Part of the vapour con- 
denses here, and flows down, carrying with it fat 
extracted from the bones, and collects in r, where it 
is continually boiled by means of the steam coil d. 
Part of the benzine vapour escapes in the gaseous 
state through /, and, together with the water simul- 
taneously expelled from the bones, is condensed in 
the cooler e. The superheating of the benzine vapour 
is necessary in order to dry the bones and thus enable 
the solvent to more thoroughly penetrate them. When 
no more water passes over the process is complete. 
A current of live steam is then blown through the 
apparatus by means of the nozzle b, and this soon 
drives the benzine out of the fat in b as well as that 
still remaining in the bones in a. The benzine thus 
expelled, together with condensed steam, collects in the 
water-separator f. The benzine being lighter than the 
water, collects on the surface and flows continually out 
at g into the benzine reservoir the water flowing 
away by w. From the reservoir g the benzine flows into the lower-situated vessel 
c and is used over again. 

It will be seen that very little benzine is necessary to effect extraction, the same 
benzine being used over and over again. Bones treated thus yield 6-7 per cent, of fat. 
A typical modern extraction plant for scents is described on p. 1 34. 




Fig. 13.— Still for Cold 
Extraction Plant. 


Fig. 14.— Hot Extracting Plant. 
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Merits and Demerits of the Methods of Extracting Oils and Fats 
by Pressure and by Solvents 

1. Edible oils and fats cannot at present be prepared by extraction by 
solvents, since enough solvent is always retained to impart a nauseous taste. Such 
oils and fats are, therefore, only used for soap-making and other technical purposes. 

2. Extracted meal by itself is not suitable for feeding cattle. On the Continent 
it is mixed with press cake and sold for this purpose. Press cake is, however, far 
better as a food material from a stock-raising point of view than the cakes 
obtained by the extractive process, even when these latter have oil or fat added to 
them so as to equal the proportion contained in the pressed cakes. 



Fig. 15. — Hydraulic Oil Filter Press, with self-contained Steam Pump. 
(Rose, Downs, & Thompson, Hull.) 


3. Th^ solvent process extracts the fats and oils to a far larger extent than the 
pressure process, only about i per cent, of oil being left in the extracted seed, 
against 7-10 per cent, in the pressed. In many cases a combination of pressure 
and solvent processes is the best, oil being first expressed and sold as edible oil, 
and the residue, still fairly rich in oil, is extracted, and the oil thus obtained sold 
for soap-making and other technical purposes. 

General Methods of Refining and Bleaching Oils and Fats 

The actual process adopted depends somewhat upon the nature of the oils. If 
these are fresh and well made, they may be worked up directly into technical 
products without any refining. 
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{a) Tanking; and Filtering. — The oils are run into tanks and allowed to 
stand. Dirt and impurities settle to the bottom, and the supernatant oil becomes 
clear Sometimes oils are tanked for months or years at a time {eg , linseed oil) 

A much quicker process is direct filtration, which avoids the loss of®time and 
storage space necessitated by the old plan of subsidence, the sole product of the 
oil mill being a cake and bright oil, the residue in the filter being worked back 
again in the mill The filtration is effected by pumping the oil direct from the 
hydraulic presses through a filter press (P"ig 1 5). This consists of a series of grooved 
iron plates, hollow on the inside, which are clamped tightly together, and which contain 
cloth separating them. The oil is thus forced through a succession of cloth filters, 
and the solid matters are caught and deposited in the spaces between the cloths. 
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Fig. 16 — Cotton-Seed Oil Refining Tank. 


Nothing but oil comes m contact with the plates, the oil passing out at the end 
pure and bright 

/) Treatment with Caustic Soda or Sulphuric Acid —The oil is washed 
m special tanks with a solution of caustic soda or sulphuric acid Thus cotton- 
seed Oil IS pumped into a large tank of the construction shown, then heated by 
steam to 30* C., and the proper amount (which depends upon the quality of the 
oil) of caustic soda solution (74** Be.) run in and mixed thoroughly either by 
mechanical agitators, or by a current of air blown through the liquids for fifteen 
minutes. On standing, a sediment of coagulated albuminous and mucilaginous 
matter from the oil settles at the bottom of the tank together with the excess of 
caustic soda solution. The oil is cooled and siphoned off from the sediment to 
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a finishing kettle, where it is washed free from caustic soda by a stream of water. 
The wash water is withdrawn from the bottom of the kettle until oil comes ^ then 
fresh water is added, and the process repeated until the oil is free from alkali. 
During this operation a blast of air is blown through the liquids, or mechanical 
agitators are used, in order to thoroughly mix the oil and water. 

Finally moisture is expelled by heating the oil gently by steam pipes to a 
temperature not higher than 50* C., while a current of air is blown through. The 
last traces of moisture are sometimes removed by adding plaster of Pans and 
filtering. Filtration through a layer of common salt also removes all moisture 

Many industrial oils are purified as above, but with a solution of sulphuric cuid. 
About 2 per cent of sulphuric acid of 66* Be. mixed with an equal volume of 
water, is run into the oil contained in a lead-lined tank , then the liquid is agitated 
by an air blast, warmed for about one hour, settled, the acid run off at the bottom, 
and the oil washed with water and caustic soda until free from acid , finally the 
clear supernatant oil is decanted and filtered. 

Edible oils and oils for lubricating purposes are nearly always purified with 
caustic soda, which removes the nauseous tasting free fatty acids A trace of 
mineral acid spoils the oil for lubricating purposes 

^ Deodonsation of Edible Fats — Certain high-grade edible fats and oils are sometimei 
extracted with alcohol. They are stated to be rendered perfectly odourless and tasteless by this 
process, and so can he employed in the manufacture of high-class marganne and similar comestible 
fatty products 

Two methods are well known for the deodonsation of cocoanut oil — (i) Washing out tho 
odoriferous bodies with alcohol This removes the fatty acids, and also such substances as 
phytosterol Ckevreul and Schhnck employ a joint process of washing with alcohol followed by 
treatment with charcoal For a recent patent see IJrbain and Fnege (French Patent, 361,966, 
1905) (2) Volatihsahon by steaming Jesench and Memert (1882) passed high-pressure steam 

at d-8 atmospheres into the fluid oil for two to three hours ; the non-volatile fatty acids left were 
then removed by adding o 25 per cent, of calcined magnesia, and the magnesium soap formed is 
then skimmed oft the surface Klimont (English Patent, 3,164, 1902) neutralises the oil with alkali 
before treating with steam 


{c) Bleaching with Chemicals — Actual bleaching with chemicals is only 
resorted to m the case of inferior or very dark oils and fats Bleaching by means 
of oxygen in a nascent state is usually effected by adding manganese dioxide or 
potassium bichromate and sulphuric acid . — 

MnOa + HaS 04 = MnS 04 -f HjO -f O 
KgCr^O? + 4f^iS04 — Cra(^D4)j + K 2 SO 4 ■!* 4 ^^$^ SD 

Sometimes bleaching powder or potassium bichromate, together with hydro- 
chloric acid, IS used, when chlorine is evolved, thus — 

Ca(aO)2 + 4HCI = CaClj + zHfi + 4CI 
K^CrjO, + X4HCI = aCrCl, -f 2KCI + 7H8O + 6 C 1 

No general rule can be given as to the best process to employ in a given case , 
thus laSow is usually bleached with manganese dioxide and sulphuric acid, while 
palm Oil with bichromate and hydrochlonc acid. The quantity of chemicals employed 
must be as small as possible, the time of interaction as short as possible, and the 
temperature as low as is compatible with efficiency. The glycerides may be 
senously damaged if such conditions are not rigorously observed. 

It will be sufficient if we describe the Sulphuric Acid Bichromate Oxidation 
Process The melted oil or fat at a temperature of about 38* C is pumped into 
a lead-lined chemical treatment tank, compressed air is blown through it in order 
to thoroughly mix the contents, while the requisite amount of bichromate solution 
bichromate : 4 water by weight) is run m. The mixing is continued for about 
one hour while the contents of the tank are simultaneously warmed by a steam coil. 
Finally the liquid is allowed to settle, the acid run off at the bottom, and the oil 
wash^ with water to remove acid 
4 
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Palm Oil is now bleached on quite a large scale by means of oxygen, and 
more recently, by ozone. An apparatus for bleaching palm oil by atmospheric 
oxygen is represented in Fig 17. A closed vessel is fitted at a with a steam jet 
exhauster, and a copper heating coil k k. At the bottom of the vessel is Rn annular 
air-distnbuting pipe with a large number of small holes connected to an inlet pipe 
carrying compressed air, oxygen, or ozonised oxygen. 

The palm oil, which has been previously liquefied, and allowed to stand so that 
the water and dirt may settle to the bottom, is run into the iron vessel, heated by 
the steam coil to 100° C, and air is blown through The oxygen removes most 
of the colouring matter, and as in this process no strong chemicals are used, the 
natural properties of the oil are not affected The process may take two hours 
Rank fish oils are deodorised and decolourised by this process Sometimes instead 



of air steam at a tempera- 
ture of II o’* C is driven 
through the oil, ten hours’ 
steaming being sufficient 
to deodorise 4 tons of oil 
Another method of bleach- 
ing palm oil (and which 
yields good results with 
almost all other kinds of 
oils) lb this * Melt, say, 100 
parts of palm oil in a 
boiler, and when liquid add 
a solution of chloride of 
lime, made by dissolving 
7 parts by weight of the 
chloride in water for every 
84 parts by weight of oil , 
mix intimately, cool, and 
cut the hardened mass into 
small pieces, and leave 
exposed to the air for a few 
weeks Next place the fat 
m a boiler lined with lead, 
add a 5 per cent solution 
of sulphuric acid, equiva- 
lent in total amount to 
the lime chloride, heat, 
separate the oil from the 
acid, wash, and allow to 
solidify. 


Bone Fat is often bleached as follows place the fat (which must be free from 
gelatine and calcium phosphate) in an iron pan, add an equal weight of bnne of 
i4®-iS‘* Be , boil for three hours, allow to stand twelve hours, draw off the fat into 
a wooden vessel, and treat with a mixture of 2 parts potassium bichromate dissolved 
m boiling water, and 8 parts of hydrochloric acid (22® Be ). This quantity is 
sufficient for 400 parts of fat Leave the mass standing, stirring at intervals, when 
decoloration proceeds gradually. When complete, wash the fat with hot water. 


Linseed Oil may be refined by placing 236 gallons into a copper boiler, adding 
6 lbs. of oil of vitriol, and stirring together for three hours. Next add 6 lbs. of 
fuller’s earth mixed with 14 lbs. of hot lime, stir three hours, run off the pil into a 
copper vessel containing an equal volume of water, Boil three hours, draw the fire, 
and when the oil is cold, run off the water and let the mixture settle for some weeks. 
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Fig. 1 8 — Fuller’s Earth Plant Pur treating lard, cotton-seed oil, cocoanut oil, giound-nut oil, etc. 

(Rose, Downs, Thompson, Hull ) 
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It IS frequently decolourised by a 30 per cent, solution of FeS04 or with KOH 
followed by K2Crj07 and HCl. Other ways used are : — 

" I, Sun Bkachtngy employed for the most expensive varieties of artists’ oil. The 
oil is exposed to sunlight in shallow trays under glass • 

2. By Hydrogen Peroxide — Shake the oil in a glass bottle with a 5 per 
hent solution of hydrogen peroxide, and allow to stand for some days, shaking 
occasionally. The oil clarifies and is poured off from the water at the bottom. 

^ 3. By Potassium Permanganate (suitable also for poppy oil) — Place 25,000 
parts of oil in a large glass balloon, add a solution of 50 parts of potassium perman- 
ganate in 1,250 of water, stir well, allow to stand twenty-four hours at a gentle 
warmth, then add 75 parts by weight of powdered sodium sulphite, agitate well, 
add 100 parts of hydrochloric acid, again agitate, and allow to stand until de- 
colounsation takes place. Wash the oil with water rendered milky with chalk powder 
until free from acid, and finally separate the water, and filter off the oil through 
anhydrous sodium sulphate 

Bleaching of linseed oil with chloride of lime and hydrochloric acid, or calcium 
bichromate and sulphuric acid, is sometimes employed, but the operation requires 
great care and is sometimes dangerous. 

Decolourisation with Fuller’s Earth, Animal Charcoal, etc —Animal 
cnarcoal is by far the best decolourising (and deodorising) agent known, yet on 
account of its cost it can only be employed for edible oils and fats More usually 
fuller’s earth or powdered kaolin is used, being less expensive than charcoal. The 
oil is treated with the decolourising powder in a special mixer The apparatus shown 
in Fig 18, p 37, is that manufactured by Rose, Downs, & Thompson at Hull It 
consists of a steam-jacketed cylindrical steel tank with a contracted neck at the 
top, and provided with a powerful stirring apparatus for rapidly mixing the fuller’s 
earth with the oil. The tank is filled to the underneath part of the neck with the 
oil or fat to be treated (which has been previously heated to 40* -60® C ), and 
3-5 per cent of fuller’s earth (the exact quantity depending upon the amount 
of colour to be removed) rapidly stirred in. The earth should be in the form of 
a perfectly dry powder. It is a silicate of aluminium 

Oils and lard, which are to be used as food, must not be left in contact*with 
the fuller’s earth for more than fifteen minutes after mixing or they begin to acquire 
an earthy flavour Consequently the materials must be separated as rapidly as 
possible after they have been stirred round for the right time. 

The oil or lard is rapidly pumped away through the filter press, which retains 
the fuller’s earth, the oil passing on through the filter cloths Finally steam is 
blown through the press so as to free the cakes from oil. When the press is opened 
the earth falls out as a powder upon the floor, little or no oil being left in it. When 
dealing with fats or waxes which are solid at ordinary temperatures (e g y tallow, 
lard, paraffin wax) the filters are steam-jacketed so that their contents can be 
maintained at any temperature necessary to prevent the solidification of the fat in 
the presses 

Demarg^nation of Oils. — Many of the vegetable oils (such as cotton-seed, 
arachis, fish, and some sorts of olive oil) deposit a crystalline mass of “ stearin ” 
on standing It is very important that edible oils should not solidify at tempera- 
tures near the freezing point. Also lubricating oils must necessanly remain liquid 
at low temperatures, an oil still fluid at - 15* C. being demanded for railways in the 
United States. Such oils are known as “ Winter Oils.” 

Hence many natural oils must be “ demarginated ” before they can be placed 
on the market. Originally the process consisted in simply storing the oil in large 
vessels through the winter, when the “ stearine ” separated out as a white solid mass 
at the bottom. The supernatant oil, when drawn off, formed the “winter oil” 
This process is still used for arachis oil, but in other cases the cooling is artificially 
carried out, and the stearine removed by forcing the oil through a filter press. 
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Fig. 19 shows an oil-cooling and filtering plant designed by Rose, Downs, & 
Thompson, of Hull. The oil is placed in the tank c, which is provided with agitators 
and a copling coil. The cooling effect is produced by allowing anhydrous ammonia, 
condensed to a liquid by the pump b, to expand through the cooling coil in the 
tank c. Here the liquid suddenly expands into a gas, producing intense cold in 
so doing. The oil, under the influence of this cold, and aided by a vigorous 
mechanical stirring, deposits its stearine in the solid form at the bottom of the tank, 
'fhe ammonia, now issuing as a gas from the cooling coil, is recondensed to a liquid 
by the pump B, the compression being carried out in the tank c, filled with cold 
water, which effectively carries away the heat generated in the operation. The 
process is continued until the oil is reduced to the temperature at which it is desired 
to remove the stearine. When this point is reached the oil is drawn off and pumped 
through the filter press d, which removes any suspended steaifne crystals. 



A U CD 

1^'lG. 19. — Oil-Cooling and FiUc-iin^ Plant, for the separation of stearin and olein. 
(Rose, Downs, «S: I hompson, of Hull, Kn^land.) 


Oil which has been treated in this way will always remain clear and bright at any 
temperature above that at which the stearine has been removed. 

'i'he separated stearine is a valuable product, being largely used for making 
margarine, margarine cheese, lard substitute, etc. etc. 


VARIETIES OF FATS, FATTY OILS, AND WAXES 

Classification 

For convenient description we divide the oils and fats under the headings: 
i) Animal fats and oils, (2) Vegetable fats and oils, (3) Waxes. 
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1. Animal Fats and Oils. These include Fish Oils.— The oils derived 
from marine animals are characterised by their odours and, analytically, by a high 
Maumen^ and iodine value 

2. Vegetable Fats and Oils may be conveniently arranged, according to their 
iodine values, into {a) Solid fats, {b) Non drying oils, {c) Semi-drymg oils, 
{d) Drying oils 

No rigid line can be drawn between these classes, as they merge into each other. 
The iodine value affords a means of ascertaining roughly their constitution and 
gives a rough basis of classification Triolein has an iodine value of 86 2 and 
consequently if an oil absorbs more than 86 2 per cent of iodine it probably 
contains the glyceride of an acid of the hnolic or linolenic series Now linolic 
and linolenic acids and their glycerides readily absorb oxygen from the air — a 
property not possessed by oleic acid and triolein — and it is due to the presence of 
trilinolin and trilinolenin that the drying oils owe their property of drying by 
absorbing of oxygen on exposure to air Since the iodine value of pure trilinolin 
IS 1736, oils having an iodine value of above 170 may be classified as drying 
oils , those having an iodine value of 90 or lower may be called non-drying 
oils, while oils having intermediate iodine values may be called semi-drying 
In practice it is found that oils with iodine values above 140 have valuable 
drying properties, those with iodine values 100-140 are semi-drymg, since they are 
able to absorb a certain quantity of oxygen, but will not dry completely when 
exposed to the air in a thin layer Oils with lodme values less than 100 are 
practically without drying value 

The Fish oils form an exception to this rule , some of them have iodine values 
as high as that of linseed oil and absorb large quantities of oxygen , yet they do not 
usually dry to a hard layer. Their unsaturated acids are of a different constitution 
from linolic and linolenic acids 

3 The Solid Waxes of Animal and Vegetable Origin, and the liquid 
waxes (sperm oil, bottlenose oil) are characterised by their high content of highei 
alcohols (unsaponifiable matter) They do not contain glycerol They are there- 
fore treated as a separate class under the title of Waxes (see p. 52) 

Varieties of Animal Fats and Fatty Oils 

I Tallow, the solid fat of oxen and sheep, consists of tristearin, tripalmitin, and 
40-46 per cent, triolein * Mutton tallow melts 45’-55“ ; oxen tallow 45°-5o‘’ C , solid 
point, 4o®-47* , Reichert value, 025, Hehner value, 96 , iodine value, 35-46 , saponi- 
fication value, 193-198: sp gr 0.86 at 100", 094-09; at 15® Melting point of 
fatty acids, 38‘’-49* C. , solid point, 38®-48®. 

Tallow Oil. — Very similar constants to lard oil; lod. val. = 32-57 , Maumen^, 
4i’-44‘ C 


Lard is the rendered fat of pigs Amencan lard often contains cotton-seed 
oil and tallow. — M.P. 30**49®; sol. pt. 23®-3o®, sap. val. 195-197 , lod. val 50-77, 
Hehner val. 95-98 ; sp. gr. (loo® C ) o 860 o 864 The separated fatty acids have 
sol. pt 34®-42®, mol wt. 278, lod val. 64, refract, index, i 439 (60* C ) 

Lard Oil, Oleo Oil. — Acid val. o 4 , sap. val. 193 , Hehner val 97.4 , Reichert- 
Meissl val. o 4-0.9 ; lod. val. 53-88 Insol. fatty acids have sap val. « 206 

Goose Fat. — M P. 25**34® ; sol. pt. i8®^-20® ; sap. val. 184-198 ; lod val. 60-72 ; 
Reichert-Meissl val. 0.2-0.3 ; Hehner val. 92-96 ; sp. gr. 0.91-0.93. 

Butter Fat is described under Butter. 


Recent researches have shown the presence of mixed glycerides. 
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Bone Fat) from fresh bones. — M.P. 2i*-2 2^; sol pt. 15*- 17* C. ; sap. val 
190-195 J val 46-56 ; sp. gr. o 914-0 916 at 15* C Mixed fatty acids, M.P 
30* , sol. pt. 28* , neut. val. 200 ; lod val. 56-58 Fat extracted from old bones 
by benzine is dark, smells unpleasantly, contains calcium soap (derived from 
mineral matter of bones) and free fatty acids Used for soap-making 

Sheep’s Foot Oil, Horse Foot Oil, and Neat’s Foot Oil are yellowish 
oils valuable for lubricating (since they do not easily become rancid), obtained by 
boiling the feet of cattle with water. — Sp gr o 91-0 92 at 15* C. , sap val 194-197 , 
lod val 73-75 , Maumen6 test, 38®-5o* C Mixed fatty acids, sol. pt 2o®-26® C. , 
lod val 66-76 , neut val. 200-206 

Horse Fat, yellowish, often becomes rancid — Sp. gr. 089-093 at 15* C, 
^79-80 at 100* C. ; MP 4o*-5o* , sol. pt. 22*-48‘* , lod val 75-85, Reichert 
val 033, Hehner val 95 Mixed fatty acids, M.P 36*-4i‘*; sol pt 3o®-33® , lod 
val 74-84 

Fish Oils are usually fluid, containing glycerides of oleic, stearic, physetolic 
acids, and other unsaturated acids Unless of the best medicinal qualities these 
oils are dark, evil-smelling fluids in consequence of small quantities of decomposi- 
tion products of decaying fish (trimethylamine) — Sp gr 092-0933, sap val 170- 
200, lod val 100 no, Reichert val 15-22, Hehner val 95, Maumend’s test, 
ioo®-i 28“ C Mixed fatty acids, sol. pt 2i*-28“. 

Fish oils are now used both in the ordinary and the enamel leather trade with 
excellent results , and the enamel leather produced, whilst not quite so glossy as 
when linseed oil is used, is said to be more flexible and less liable to crack , also 
for soap-making, and in the manufacture of printing ink 

- When cooled, fish oils often deposit solid masses of Fish Steanne (fish 
tallow) 

Sod Oil (Ddgjas) is the waste oil obtained in the process of chamoising leather. 
The leather is soaked in fish oils and then exposed to the air. Oxidative and fermenta- 
tive processes set in which convert the contained oil into sod oil. The oil is 
extrap ted from the leather by means of sodium carbonate solution, and then separated 
from the emulsion it thus forms by the addition of dilute sulphuric acid A similar 
product is obtained by blowing air through fish oils heated to 120® C Sod oil 
consists principally of unchanged fish oil, owing its valuable properties to the 
presence of a resinous acid “d^gras former,” of unknown constitution, soluble in 
alkalies, insoluble in petroleum ether , it is this substance which makes sod oil so 
suitable for oiling dressed leather — Sp gr 092-0.98 at 15® C , refract index, 
1. 475-1 478 , acid val, 8-28, sap val 180-190 (from shark-liver oil only, 143), acetyl 
val. 22-48, lod val 70-100 

Varieties of Vegetable Fats and Oils 

(a) Solid Vegetable Fats (/ ^ , M P. above 20® C ) 

Cacao Butter is expressed from cacao beans in the process of working them 
into cacao. — M.P. 3o®-34®, sap val 192-200, lod val 34-37, Reichert-Meissl val. 
083; refract, index (60® C.), i 45 Sp gr 0.96-097 at 15®, 085-0.86 at 100® 
The msol acids have M.P. 48®-53®, neut. val 190; lod val. 32-39, refract index, 
1.42 (60® C ) 

Chocolate Fats — The best substitutes for cacao butter are made by express- 
ing, at a temperature slightly over the normal atmospheric temperature, the solid 
fats which crystallise out from palm-nut and cocoa nut oils. Small quantities 
of animal fats are sometimes add^ to raise their melting points ; these, however, 
sometimes impart an unpleasant taste, and it is better to use for the purpose 
vegetable fats such as those from margosa or mowra oil. Sap. val. 242-254 , lod. 
val, 6-10 j M.P. 25’-3o®; Reichert-Meissl, 3.5-8.0 
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Nutmeg Butter is obtained from the seeds of MyrtsHca officinalis.'S^. gr. 
0.94-99 at 15*, 0.88-90 at 100*; M.P 38 *-so* C ; acid val, 22, sap. val. 156; 
iod val. 40-80. 

Chinese Vegetable Tallow is the hard fat which coats the seeds of the 
Chinese tallow tree — M.P. 44’-S3* C. ; sap. val. 200 ; lod val 32. 

Japan Tallow is a similar fat which surrounds the berries of certain sumach 
trees which flourish in China and Japan , rich in palmitin — M P. so*-53* ; sap. val 
220; lod. val. 4-15. 

Palm Oil, obtained in very large quantities from the fleshy parts of the fruit 
of certain palm trees, is a fat having a sweetish taste and an odour resembling that 
of violets, which persists even after bleaching with air at high temperatures, and after 
making into soap It consists principally of tripalmitin, triolein, and free fatty 
acids ; the proportion of the latter is sometimes very large in commercial specimens 
owing to a piocess of enzyme hydrolysis which goes on in the shipped oil. — Sp gr 
092 at is’' C., 085 at 100® C. , sol. pt. 3i‘'-38*; M.P 27*-42* C ; sap val 202, 
lod. val. 51-57, Reichert-Meissl val 09, Hehner val 95; refract index (60* C) 
1.451 Insol fatty acids have sol pt 36®-45’*; M P. neut. val 204-206, 

iod. val 53 

Palm-kernel Oil, Palm-nut Oil is obtained from the kernels of the palm 
tree fruit, and contains much launc acid It is easily saponified by cold concen- 
trated caustic soda solution. — Sp gr o 91 at 40*, o 87 at 100* C ; sol pt 23* C , 
MP. 23*-3o* C , sap val. 250, lod val 10-17, Reichert-Meissl val. 5-7; Hehner 
val 91, refract index (60* C.) i 4431 Insol fatty acids have sol pt ao^-as** , neut 
val. 251-265, lod val 12 

Cocoa-nut Oil is the fat obtained from the kernels of the cocoa-nut The 
fleshy part of the kernel, called copra, contains a large amount of fat, which consists 
of glycerides of launc, mynstic, palmitic, and other acids, some of them volatile 
The fat, like palm-kernel oil, is easily saponifiable in the cold by concentrated 
caustic soda solution. Largely used for soap and margarine manufacture.* For 
the latter purpose it is deodorised (i) by washing with alcohol, or (2) by treating 
with superheated steam (see p 35) — Sp gr o 92 at 15®, o 86-0 90 at 100* C. , sol 
pt. i 6 ’’- 23 ‘’ C , M.P. 23“-26’', sap val 250-260; lod. val 8-9, Reichert-Meissl val 
7-8 , refract index, i 43 (6o“ C ) The fatty acids have sol. pt 20**2 5" , neut val 
258, lod val 8-9. 

Mahwa Butter, Mohwrah Butter, Mohrah Seed Oil (from Bassta latt^ 
foltd) — M.P. 23*-29*; acid val. 5-71, sap. val. 187-194, Hehner val. 95 , Reichert- 
Meissl val. 04-10, lod val 50-68. Insol. fatty acids, sap. val. 206 

Mowrah Seed Oil (from —Sap val 196-202, lod val 50 

Myrtle Wax — Acid val 3, sap val. 205-212, lod val 1.9-4 Fatty acids 
have neut. val. 230 

Shea Butter, Bambuk Butter, Karitd Oil, from the seeds of Bassta Farkt 
(West Africa and Soudan) — Sp. gr. 085-0-92 (15* C), MP 25*-28* C , sol pt 
i7*-i8*; sap. val. 171-192, lod. val. 56-59. 

(b) Liquid Vegetable Non-Drying Oils 

These do not absorb oxygen from the air, nor do they dry up. Iodine value 
usually under 100 

- Olive Oil, much valued as an edible oil (salad oil), is obtained from the fruit 
of the olive tree The cold pressed oil is the best , the second pressings or the 
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oil extracted by carbon disulphide is used for soap-making ; consists of 70 per cent 
triolein, 28 per cent tripalmitin and tristearin, and a little linolein. — Sp gr 
0.914-0918; sol.pt 2*-4* C , sap. val. 190-195, lod. val. 79-93; Reichert-Meissl 
val. o 6 ;*Hehner val 95 , Maumeni test, 4i"‘47* C. ; refract, index, 1.47 (15* C.) , 
viscosity, 312 secs, at 2X* C. The fatty acids have sol. pt. i7*-26® , neut val 193, 
iod val. 86-90. 

Olive-kernel Oil — Acid val. 2-3 5 ; sap val 182-188 , lod val. 79-88. 

Almond Oil, obtained from bitter and sweet almonds, is very similar to 
t'each-kernel Oil, Plum-kernel Oil, etc— Sap val. 190-195; iod. val. 93-100. 

Arachis Oil, Pea-nut Oil, Earth-nut Oil, is an edible oil obtained from the 
seeds of Arachis hypogcea It contains arachidic acid as a glyceride — Sap val. 
190-196, lod. val 90-103, Reichert-Meissl val 05, Maumeni, 45^-75® , viscosity, 
300-430 secs at 21® C , refract index (15® C ) i 47 The insol. fatty acids have 
sol pt 23^-28® , neut val 202 , lod val. 96-105 

Croton Oil — Sap val 2 10-2 15, Reichert-Meissl val 12-14, acetyl val 
38-41 , lod val 101-109, sol pt 7® C Fatty acids have neut. val 201 and lod 
val 111-112 

Grape-seed Oil — Acid val 16, sap val 178-179, Reichert-Meissl val 046- 
20, lod val 94-97 Fatty acids have neut val 187 and lod val 98-100 

Castor Oil, obtained principally from the seeds of Rtcinus communis^ consists 
mainly of the glyceride of ncinoleic, isoricinoleic, and dihydroxystearic acid, 
together with a little tnstearine It is a very viscous oil, miscible with absolute 
alcohol and glacial acetic acid in every proportion and much used as a medicine 
and lu'uricant, but also for manufacturing Turkey red oils (which see) — Sp gr 
0960-0966 (15" C), sol pt -10® to - 12® C , sap val 176-183, lod val 
83-86, refract index, 1480 (15® C), viscosity 1160 secs at 37® C , Reichert- 
Meissl val I I Mixed fatty acids, M P 13® C , Maumen6, 47 

B 15 wn Oils, Oxidised Oils, Soluble Castor Oils — When semi-drying vegetable oils, 
blubber oils, and liquid waxes are placed m a vessel provided with a steam heating coil, and 
warmed from 70®-! 15* C , while a current of air is blown through, the oils oxidise to viscid, 
dense fluids which are miscible with mineral oils They form valuable lubricating oils, approaching 
castor oil m mechanical properties , since castor oil is insoluble in mineral oils (and so cannot be 
mixed with them), such oils are known commercially as “ Soluble Castor Oils ” 

Turkey Red Oils, Sulphonated Oils are viscous, transparent liquids used in the preparation 
of cotton fibre for dyeing and printing Turkey red Concentrated sulphuric acid is slowly run, 
with constant stirring, into castor oil, the temperature being kept below 35“ C during the whole 
course of the reaction The product is washed with water, settled, the lower layer drawn off and 
washed with a solution of Glauber’s salt until only slightly acid , finally ammonia or soda is add^ 
until the sample will give a complete emulsion with water Turkey red oil F is completely soluble 
m water Turkey red oil S is only partially soluble in water Sec p 549 

Nitrated Oils are heavy, viscid liquids obtained by treating castor (or linseed) oil with a 
mixture of 2 parts of concentrated sulphuric acid and 1 part of concentrated nitric acid 
(sp ^r 15). They form homogeneous mixtures with nitro-cellulose. Tlius a product resembling 
eTOnite is obtained by mixing i part of nitrated castor oil with 9 parts of nitro-cellulose 
Dissolved in acetone, these nitrated oils form varnishes which are capable of enamelling leather and 
mixing paints. 

For Bone Oil, see p 420 
For Essential Oils, see p. 132 

For Rosin Oil, see p. 339 

For Oil of Turpentine, see p 337. 

( c ) Semi-drying Vegetable Oils. 

These absorb oxygen from the air and become thick, without, however, com- 
pletely drying up. Iodine value from 95-140. 
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CottOH'Seed Oil is produced on an enormous scale in North America from 
the seeds of the various sorts of cotton trees ; 17,000 tons, of value ;£58o,ooo, were 
imported into Britain in 1910. It consists of glycerides of palmitic, oleic, and 
various unsaturated and hydroxy acids which cause the oil to somewhfit rapidly 
oxidise at ordinary temperatures. It is, therefore, a weak drying oil When cooled 
it deposits a large amount of cotton seed stearin Used as an edible oil, for 
adulterating lard, in the manufacture of margarine, soap, and lubricants — Sp gr 
(15* C.) 0.922 0.930; sol. pt 3®-4* C, sap. val. 191-195 , lod val. 105, refract, 
index, 1.478 (15* C.) ; Maumen^, 74'*-78* C. Fatty acids have M P 35*-38® , neut 
val 201-208, lod val 110-115 

Test for Cotton-seed Oil — Dissolve 5 c c of the fatty acids from the oil in 2 c c alcohol in a 
test tube Heat to boiling on water bath , add 2 c c. of 2N AgN03 solution ; an immediate black 
colour shows presence of cotton-seed oil Five per cent, of cotton-seed oil can be detected in rape 
or olive oil by this test 

Rape or Colza Oil, Sweet Oil, obtained from the seeds of Brasstca 
campestrisy contains considerable quantities of rapic acid, Cj7H32*OH COOH, and 
other unsaturated oxy-acids Being cheap, it is much used for lubricating and 
edible purposes The pure oil on exposure to air remains fluid for some days, but 
long exposure causes it to thicken somewhat and become rancid If adulterated 
with drying oils it rapidly turns into a jelly-like mass, or even becomes solid — 
Sp gr. o 914-0.918 , sap val. 170-178, lod val 94-107, Hehnerval 95, Reichert- 
Meissl val i c c , viscosity, 330-380 secs at 21” C , 91 94 secs at 60*^ C , Maumene 
test, 60° C. The elaidin test is here very useful for detecting presence of drying oils 
in rape oil The fatty acids have sol. pt 13^-18®, neut val 185 , lod val 96-104 

Sesam^ Oil, obtained from the seeds of the sesame plant, Sesamum tndtcum 
and orientate^ is a valuable edible oil consisting of a mixture of the glycerides of 
stearic, palmitic, oleic, and linolic acids To detect the presence of the oil, dissolve 
o I g. sugar in 10 c c HCl (sp gr i 19) , add 20 c c of oil , shake and allow to stand : 
Uimson colour in the aqueous filtrate shows presence of sesamd oil — Sp gr (15® C ), 
0914-0916, sap val 188-195, sol pt -5*C , lod. val 103-112, Maumen^, 65®- 
72® C , Reichert-Meissl, o 7 c c. 

Sunflower-seed Oil — Acid val. 02-6, sap val 190 193, lod val 118136, 
Maumen^, 67®-75® C Fatty acids have sap val 201 and lod val 124-134 

Maize Oil, Corn Oil. — Obtained from germs of the maize plant, Zea 
Mays, L. The germs are a by-product in glucose and starch works using maize 
as their raw material Acid val 2-20, sap val 187-190, Hehner val 8894, 
Reicbert-Meissl val. 0.3-10, lod val. 1 13-129. Fatty acids have neut. val 200 
and lOd. val. 121-127. 

Pumpkin-seed Oil has acid val 3 5-19, sap. val 188-195 , lod. val 104-130 

Black Mustard Oil has acid val 5-8, sap val. 173-175, lod val 98-110 

White Mustard Oil has acid val. 5-6 ; sap val 1 70-1 71 ; lod val. 92-96. 

Soja Bean Oil, from the seeds of Dolichos Soja, L., Soja hispida, Soja japonica, 
etc., plants indigenous to Manchuria, Japan, China. The seed contains 18 per cent 
oil and 30-40 per cent, protein, and yields 13 per cent oil The expressed meal 
is made into bean-cakes ; the Soja bean industry being one of the most important 
of Manchuria and Japan, 1,500,000 tons of oil being exported in 191T The oil 
consists of glycerides of oleic and linolic acids, dries on standing to a thin skin, 
and is used for edible and illuminating purposes in the Far East ; now used as a paint 
and linoleum oil See Toch,/<7«r. Chem Ind,, 31, 572 (1912) — Sp. gr o 924 ; 
sap. val. 190-193; iod. val. 121-124; Maurnen^, 59-61®; sol pt +8®-i5® C. The 
fatty acids have a M P. 27^-29® ; sol. pt. 25® , lod. val 115-122 
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( d ) Drying Vegetable Oils 

These^ absorb oxygen from the air and dry up to a hard skin. They have an 
iodine value usually over 140 

Hempseed Oil has a sap val 190-195 and an lod val 140-166, Maumene, 
95‘’-98*’ Separated fatty acids have a sol pt T4*-i6" , lod val 1 22-140 

Candle-nut Oil has a sap val. 184-193 and an lod val. 136-163 

Nig’er-seed Oil has a sap val. 189-192 and an lod val 126-134 

More important than these are the following — 

Poppy-seed Oil, a pale yellowish oil obtained by pressing from seeds of the 
poppy* IS used as a salad oil and for making artists’ paints a good drying oil — 
Sp gr. (15” C) 092-097, sap val 192-197, lod val 137-143 , Reichert-Meissl 
val. 0.0, Hehner val. 95, Maumen6 test, 88® C. , refract index, 1477 (15® C.). 
Fatty acids have sol pt. 16.5, neut val 199, lod val 139, refract index, i 451 
(^5 5** C ) The differentiation of poppy oil from walnut oil — eg y in the examina- 
tion of white paints — is achieved most readily by the hexabromide test (which see) , 
walnut oil yields 1.4-2 per cent, of hexabrominated glycerides, poppy-seed oil none 

Walnut Oil, a very good but expensive drying oil obtained from the seeds of 
the common walnut tree , being almost colourless, it is used for making the best 
white paints for artists, such paints being less liable to crack than those made from 
linseed oil For distinction from poppy-seed oil see the latter It is frequently 
grossly adulterated with mineral oil — Sp gr 0925-7 (15® C), sap val 192-198, 
lod. val 143-151 , Maumend test, 96®-! 10® C , Reichert-Meissl val 00, Hehner 
val 95 Fatty acids solidify at 16® C , and have lod val 150 

Tung Oil, Chinese Wood Oil, Wood Oil, a very important drying oil» 
possessing a characteristic odour and an even more pronounced drying power than 
linseed oil (giving, however, a wax-like^ non-elastic product which renders it quite 
useless for paints in its ordinary condition), and when heated alone in absence of 
oxygen to i8o®-2 5o* C , it polymerises to a solid mass. It is said to be used for 
adulterating Chinese lacquers, and has been used in a solidified form for linoleum 
manufacture (see p 50) In 1906 28,685 tons were exported from Hankow 
while the home consumption in China may amount to 60,000 tons It is obtained 
from the seeds of A/euntes cordata and other trees growing in China, Japan, 
Tonkin, Annam, etc It consists principally of glycerides of oleic and elceomargartc 
acids, — Sp gr 091, sap val. 190-195 , lod val. 149-167, Maumen^, 3oo®-372® 
Separated fatty acids have sol pt. 3i®-37®, neut. val 189, lod val 145-160 

LINSEED OIL AND PRODUCTS DERIVED THEREFROM 

Linseed Oil, a yellowish brown fluid from the seeds of the flax plant, IJnum 
usitatissimumy is largeW used for paint, varnish, oil cloth, linoleum, and soft soap 
manufacture The off is principally composed of glycerides of unsaturated acids 
like isolinblenic acid (58 per cent), linolenic acid (13 per cent.), hnohc acid 
(13 per cent), oleic acid (4 per cent) The oil rapidly absorbs atmospheric 
oxygen, with formation of a tough resinous mass and hence is a ** drying oil ” 
This drying property is increased by heating to 180* C. or by the addition of 
metallic salts — “driers’’, 38,000 tons, value ^^1,250,000, were imported into 
England in 1910. 

Constants of Linseed Oil— Sp. gr. (15* C.) 0.93-0.94, sap val. 190-195; 
iod. val 173-193 ; Reichert-Meissl val. 0.00, Hehner val. 95 ; Maumen6 test, 103®- 
145® C. ; refract, index (15® C ), 1.4835 ; viscosity (21® C.), 212 secs. Flash-point 
about 243® C. (470® F.). Mixed fatty acids solidify at 13*- 17* C , melt at 
i7®-24* C. ; neut. val. 19^199 and iod. val. 179-200 
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To test the dr^g properties of linseed oil, smear a glass plate with the sample and expose in 
the water oven. Note how long it takes to dry, also the nature of the residuum ; compare with a 
standard sample treated in the same manner. 

To find presence of driers incinerate 50 g. in a large porcelain crucible and analyA residue for 
metals. 

To find whether suitable for linoleum -making heat some in a copper basin to 260^ C., stirring 
and blowing air through the mass. Dense fumes are evolved and after a time it becomes thicker. 
A specimen is drawn out and cooled. It should be “stringy,” capable of being drawn out into 
threads. Compare with a standard sample of oil treated similarly. Adulteration with mineral oils 
lowers the saponification value. 


The Chemistry of the Driers.* — The chemical changes taking place when 
linseed oil “ dries or ** sets ” are very complex, and, although they have been care- 
fully studied by numerous different investigators, our knowledge of the same is 
very indefinite and unsatisfactory. We do know, however, that it is the result of 
oxidation, for the oil may be stored unchanged for an indefinite time in vacuo, 
or in the presence of an inert gas such as nitrogen. When oxygen can gain access 
to the oil, an increase in weight becomes apparent, and an elastic solid called 
“linoxyn” is produced, resulting in the “drying” of the oil. The term “drying,” 
however, is misleading, for it implies that water has evaporated, leaving a solid 
residue — which is not the case. 

We are not to suppose that linoxyn is a single substance, or that it is produced 
by the mere addition of oxygen to the linseed oil molecule. During the process 
of drying, not only is oxygen absorbed, but formaldehyde, and carbonic and formic 
acids are simultaneously liberated, showing that very complex reactions are taking 
place. 

It has been known for many years that certain substances can accelerate the setting of linseed 
oil, and they are therefore known as “ driers.” The actual way in which these bodies act is obscure. 
Owing to the fact that some of the most common driers were highly oxygenated bodies, like 
manganese dioxide (Mn02) and red lead (Pb304), a very plausible theory was advanced, according 
to which the driers themselves gave up to the oil the necessary oxygen to induce setting. When, 
however, quantitative experiments were performed, and proved that a ton of linseed oil can absorb 
from 3-5 cwt. of oxygen, f whereas only about 5 lbs. of drier are added to the same weight of 
oil, it was evident that such a theory was, to say the least, very incomplete. This led to the enuncia- 
tion of the so-called “catalytic theory of driers,” according to which the driers act as catalysers, 
that is to say, they assist the oil to take up oxygen without themselves undergoing a permanent 
alteration. The exact way in which this is done is uncertain, but it is usually assumed that when 
suspended in the oil or paint they unite with the atmospheric oxygen to form unstable, highly 
oxygenated bodies, which hand over their excess of oxygen to the oil almost immediately, being 
themselves reduced to their original condition. They are now in a position to unite with more 
oxygen, and to yield that up again in a precisely similar manner to the oil. And so the process goes 
on indefinitely until the oil has set. 

The two main fiicts that may be cited in favour of this theory are as follows : — 

1. A small quantity of drier is able to eflfect the rapid oxidation of a large amount of oil. 

2. The best driers are the oxides or salts of those metals which are known to exist in various, 
stages of oxidation, and to be readily oxidised to, or reduced from one state to another. Thus, for 
example, man^ese, lead, and iron, from which the bulk of the best driers are prepared, each yield 
a series of well-defined oxides containing varying proportions of oxygen. 

In the accompanying table t a list is given of the common driers, together with 
the percentage of metal usually found in them. The theoretical percentage of metal 
cannot always be given, as the composition of the finished product varies according 
to circumstances, the amount of water of crystallisation in particular being dependent 
upon the temperature at which the salts are prepared. 


* For a more detailed discussion of the action of driers on linseed oil the reader is referred to 
“An Introduction to the Chemistry of Paints,” by J. Newton Friend (Longmans & Co., 19x0). 

t This is based on the fact that during the process of setting, linseed oil has been observed to 
absorb from 15-18 per cent, by weight of oxygen gas. 

t This table is taken from Friend's “Introduction to the Chemistry of Paints,” p. 155, the 
data having been calculated from the results given by T. A. Davidson in his paper entitled “ The 
Action of Driers on Linseed Oil,” read before the Paint and Varnish Society, I2tn November 1908. 
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Table of Common Driers. 


Name. 

Colour. 

Per Cent 
Metal in 
Pure Drier. 

Per Cent. 
Metal in 
Commercial 
Drier 

Litharge 


Buff - 

903 

894 

Red lead .... 


Red - 

90 I 

86 7.87 6 

Lead acetate 

• 

White - 

54*6 

52 4-53 3 

,, linoleate 

- 

Brown - 


31-2 

,, oleate - - . . 


Yellow - 


22 6 

,, rosinate (fused) - 

• 

Yellow-brown 


156 

,, „ (ppted ) - 


Light brown - 

... 


Manganese borate 


Pinkish - 


7 8-23 8 

,, carbonate - 


Buff . 


38 8-42 6 

,, dioxide- 

- 

Black - 

63 2 

504-543 

,, hydroxide - 

* 

Brown - 


46 s 

,, linoleate 


Dark brown - 


7 8-8 9 

,, oleate - 


Brown - 


8 I 

,, oxalate 


Pinkish - 


30 2 

,, rosinate (fused) - 

- 

Dark brown - 


2 3-3 5 

„ „ (ppted )- 

- 

Pinkish - 


50-6 I 

,, sulphate (anhydrous) 

* 

Pinkish - 

3<>4 



As IS evident from the above table, a considerable variety of substances are 
placed under the category of driers In the case of the metallic salts the efficiency 
is influenced to a slight extent by the nature of the acids with which the metal is 
combined If this latter is favourable to the catalytic action, the drier is slightly 
more powerful than might otherwise be expected. This is true of rosinic acid, and 
metallic rosinates have of late found great favour amongst painters generally They 
may be prepared by fusing together rosin and a metallic oxide, a product free from 
moisture being obtained, and known as a “ fused drier Precipitated ” driers, 
as their name implies, are obtained by mixing solutions of alkaline rosinates with 
a soluble metallic salt, whereby the drier is precipitated Such driers always 
contain a considerable quantity of moisture, up to, say, 6 per cent., and are 
thereby readily distinguished from fused driers Other organic salts, such as the 
oleates and linoleates of lead and manganese, are also very efficient driers 
Lewkowitsch has recently prepared tungates of these metals from the fatty acids 
of tung oil 

Since these organic compounds are readily soluble in turpentine and linseed oil, 
they are known as ” soluble driers. Solutions in either or both of these solvents 
are termed “ liquid ” driers or terebines 

It docs not always follow, however, that the most powerful dners are necessarily the best for 
all work , other properties should be taken into consideration. For example, lead acetate is well 
known to be weaker than red lead and litharge, nevertheless it is used extensively m the manufacture 
of patent dners because it does not darken the oil so much — a point of considerable importance 
when white and light coloured pigments are being used. Ferrous sulphate should be used with care 
as it tends to render the film of oil brittle 

Now, according to the catalytic theory, chemically inert substances cannot be expected to 
function as dners Nevertheless Hurst * found one “ patent ** drier to contain more than half its 
weight of calaum sulphate, whilst another contained 77 per cent of barium sulphate (barytes) and 
silica. It would be unwise, with our present limited knowledge, to assume that chemically inert 
bodies are necessarily useless as driers, lor it may well happen that the introduction of fine p^cles 
of solid into the oil can assist in some physical manner the absorption of oxygen, just as we know 
fine powders can greatly accelerate the oxidation of combustible gases. At present the only method 
of determining whether or not a dner is of any value is to test it experimentally in some such 
manner as that mdicated below. 


See ** Painters’ Colours, Oils, and Varnishes,” by Geo. Hurst (Gnifin & Co., 1906}, p. 437. 
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Turpentine is not infrequently regarded as a drier, but the researches of 
W. N, 'Hartley would seem to Indicate that such is not the case in the strictest 
sense of the term. Turpentine assists in the drying of the oil by rendering it 
thinner, so that the painter can spread it over a larger surface, and thus come into 
contact with a proportionately greater quantity of air It is not impossible, 
however, that whilst the above is the main function of the turpentine, a catalytic 
action does take place to a small extent in addition, for it is well known that 
turpentine readily absorbs oxygen from the air, yielding, as many chemists believe, 
an organic peroxide, which latter would act on the oil in an analogous manner to an 
inorganic peroxide 

In the case of litharge and red lead, complications arise owing to tendency 
which these oxides exhibit to saponify the oil, whereby an insoluble lead soap is 
produced, which produces a more brilliant coat on drying than the pure oil alone 
To what extent this saponification assists the rate of drying is at present unknown 

Practical Testing of Driers.* — The old method of testing driers by noting the time taken by 
a thin film of terebinc to set hard on glass cannot be too strongly condemned, for it leads to most 
conflictmg results One of the most satisfactory methods is that given by T A Davidson t This 
investigator prepares a senes of mixtures of linseed oil and drier in varying proportions. These are 
kept at a uniform temperature for a number of hours in separate stoppered bottles The liquids 
are now filtered through paper into fresh bottles, and a portion of each is run on to a glass slide 
and placed m an air oven at constant temperature. From time to time the slides are examined 
and the number of minutes or hours noted that are requited before the film is sufficiently firm to 
bear the finger being gently drawn across it without leaving a whitish mark. This time is known 
as the ** sfitiuig^valueV* is greatly affected by a number of factors, such as temperature, rate of change 
of air, thickness of the oil film, moisture, and the nature of the surface to which the oil is applied 
In testing a djier, therefore, it Is necessary to perform two senes of experiments at the same time 
and under precisely similar conditions, one with a standard drier, whose efficiency is well known 
from practical experience , the other with the sample to be tested Only in this way is it possible 
to arrive at satisfactory and reliable results 


Varnishes, Lacquers, and Enamels 

Varnishes, lacquers, and enamels, when applied to the surfaces of bodies, have 
in general two functions to fulfil, namely, those of protection and of ornamentation 

Oil Varnishes were first manufactured on a commercial scale m England at 
the close of the eighteenth century, and are prepared by dissolving resins in linseed 
oil Owing to the fact that the resins ar^ as a rule, insoluble in the oil before 
fusion, varnishes cannot be prepared by simply mixing the ingredients at the 
terrperature of the room. The resins are first fused in copper gum pots, and a 
quantity of oil already at 500* F (260* C.) is added under vigorous stirring The 
contents of the pot are now run into a large iron tank capable of holding the 
“ runnings ” of several pots, and the temperature maintained at 500® F until the 
varnish has cleared and is stringy. It is then cooled, thinned with turpentine, and 
stored to clear and age 

Simple as the above process appears to be in theory, years of practice are 
required to produce thoroughly satisfactory results. If the resin is not properly 
fused It cannot undergo thorough union with the oil, the imperfectly fused portions 
remaining suspended as very fine insoluble particles in the varnish, instead of 
being dissolved m the same. The result is that when the varnish is applied to any 
surface it sets with a ** bloom.” Whilst this is not the only cause of blooming it is 
a sufficiently common one to merit attention 

For pale varnishes it is essential that the resins employed be pale, and, unless 
the temperature of the gum pot is carefully watched and maintained as low as 
possible, the resins will darken and spoil. 

These technical difficulties, coupled with the fact that the already costly resins 
lose from 5*20 per cent, in weight during fusion, has led to many attempts on the 
part of manufacturers to employ some other method. Experiments have been 


* This subject is dealt with in further detail in Fncnd’s ** Introduction,** etc., p 161 et 

t Davidson, Uc. at. 
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earned out with terpineol, with amyl alcohol, and with naphthalene and phenols as 
solvents, but with doubtful success 

Enafhels consist of oil varnishes into which certain finely levigated pigments, 
such as zinc oxide and Venetian red, have been thoroughly ground Black enamels 
atejusually^M^epajoe^ from^asphaltum 

Spirit Varnishes are prepared by mixing resins with such solvents as 
methylated spirit or turpentine, and allowing to stand in a warm place Excessive 
heat must be avoided, owing to the volatile nature of the solvents, and the 
inflammability of their vapours The methylated spirit employed should not be 
weaker than 64 over proof. 

Nitro-cellulose Varnishes. — Varnishes used in the manufacture of artificial 
leather and in special lacquer work consist of nitro celluloses dissolved in amyl 
acetate and suitably coloured About 450,000 gallons of amyl acetate are annually 
employed in the United States for making such nitro-cellulose varnishes These 
varnishes are likewise used for painting iron work owing to their non porous nature 
For particulars see pp. 2i6«, and c 

Water Varnishes are made by dissolving gums or glue in water If, just 
before use, a small quantity of potassium bichromate is added to glue varnish, the 
coat IS rendered almost waterproof 

Natural Varnishes — Two genera of plants belonging to the Anacardtactee 
yield a sap on tapping, which is used in the Far East as a natural varnish or 
lacquer, namely, Rhus for Japanese and Chinese lacquers, and Melanorrhea^ which 
yields black Burmese varnish. Japanese lacquer is hard, its hardness increasing 
with age Its great value lies in its persistent lustre, and to the resistance which 
It offers to such agencies as spoil our ordinary oil varnishes It should be borne 
in mind that the so-called lac ware of India is not true lacquer ware, as it is 
prodived by the aid of shellac dissolved in suitable liquid menstrua The chief 
Chinese tree yielding lacquer is Rhus verntet/era, native to that country, and, like 
the art of lacquering, introduced from China into Japan Chinese lacquer is 
frequently adulterated with tung oil When first obtained from the tree it is 
greyish white in hue, but quickly oxidises and becomes brownish black The 
Japanese lacquer is very similar. Both lacquers harden only in a moist atmosphere, 
hence in China lacquering is performed in wet weather, and in Japan it is conducted 
m special moisture-laden rooms Oxygen is slowly absorbed during the setting to 
the extent of 5 7 5 per cent of the weight of the original varnish The only methods 
of thinning the lacquer known to the Japanese are by warming, or by addition of 
camphor For this reason camphor wood is not used as the foundation for lacquer, 
although almost any other kind of wood may be employed. 


Solidified Linseed Oil, Linoxyn, Oil Cloth and Linoleum 

LITERATURE 

See Ukun^Joum. Chem, S^. Ind,, 1896, 75 
Ingle, loc «/, 1904, 1197 

A DE Waele and O J. Patrick, “ Linoleum ” : Its Manufacture and Valuation, loc, 
at , 1915. 

The technical literature is poor, and much of the materials for the accompanying article were 
pnvateiy communicated by firms interested in the trade 

Linseed oil rapidly takes up oxygen and solidifies to a flexible solid mass of 
unknown constitution, termed “solidified Itnseed oil,” “oxidised linseed oil,” 
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“ linoxyn,” etc. The substance is manufactured on a large scale by several different 
processes (F. Walton, 1860-63). 

z. Linseed oil, freed from moisture by settling (sometimes by filtering through 
dry salt)— otherwise frothing ensues on boiling — and boiled with a drier to^iccelerate 
oxygen absorption, is allowed to flow down a light cotton fabric (** scrim”) sus- 
pended from the ceiling of a high room which is maintained at 38® C. The flooding 
with oil takes place daily, and each layer solidifies in about twenty-four hours. The 
process is continued for six to eight weeks, the oil dripping from the cloth being 
drawn off and allowed to flow again down the cloth. When the layer of solidified 
linseed oil is half an inch thick, the “skins” (25 ft. long) are cut down, and the mass 
passed between rollers It is known as “ scrim oil ” The scrim at first supports 
the oil, but before the skins are ready to be cut down the cotton is so thoroughly 
rotted that it readily disintegrates, and cannot be traced m the subsequent processes 
through which the oil passes. 

2. Raw linseed oil is placed in a horizontal steam jacketed cylinder within which 
a central shaft provided with arms rotates with high velocity The cylinder is only 
half filled with oil, and the arms beat it up into a fine spray, while at the same time 
a current of air is driven through. Steam in the jacket is maintained so as to heat 
the oil to a proper temperature (which differs with the kind of oil to be produced). 
As the oxidation proceeds the temperature nses, and the steam is now replaced by 
cold water. The oil is oxidised in five to six hours, but if an oil of a light colour 
is required, twenty four hours is required The thick viscous liquid is run while 
hot into trays where it solidifies on cooling At this stage it is not so thoroughly 
oxidised as scrim oil, and (except when used for cork carpet) the trays have to be 
kept in stoves at a temperature of about 38* C for from four to eight days until 
the desired degree of oxidation is obtained 

In this forced method of oxidation there is a loss of about 8 per cent , whereas, 
in the natural oxidation of the scnm method there is an actual gain of about 7 per 
cent The oil oxidised in this manner is more liable to spontaneously ignite than 
that produced by the scrim process The oil is not quite so elastic as that prepared 
by the “scrim” process, owing to part of the oxidised oil being “ superoxidised ” to 
a liquid substance, first discovered by Reid 

3 A third process for reducing linseed oil to a thick mass suitable for mixing 
with ground cork, etc , for linoleum making is achieved by prolonged boiling alone, 
which causes the oil to polymerise. A considerable proportion of the linoleum sold 
at the present day is made from oil so prepared. The manufacture of linoleum 
from polymerised linseed and tung oil has been patented by Dewar and the 
Linoleum Manufacturing Company (English Patent, 5,789, 1903). See p. 45. 

Linoleum and Oil-cloth Manufacture* 

The first step in the manufacture of linoleum is the production of “ linoleum 
cement.” This is done by melting the solidified oil with various gum resins 
(usually kauri gum and rosin), and mixing with it cork flour and various pigments 
and fillers The linoleum composition thus obtained is finally rolled on to canvas. 
A good elastic cement is composed of about cwt. of oxidised oil, i cwt. rosin, 
and 3 cwt kauri gum ; sometimes copal is added. Each manufacturer, however, 
uses his own formula, and this is carefully kept as a trade secret. The kauri is 
pulverised, but the rosm can be used m lumps since it acts as a flux. The mixing 
operation is carried out in a steam-jacketed vessel provided with stirrers. Samples 
are withdrawn from time to time and tested. It is of the greatest importance that 
no overheating takes place. When thoroughly mixed, the “ cement ” is run into 
pans, and in summer is sometimes artificially cooled, since large masses of this (as 
well as the oxidised oil) have been known to heat and spontaneously inflame. The 
cement is cut into small pieces, mixed with rather more than its weight of ground 
cork, passed through steam-heated mixing rolls, more thoroughly amalgamated in a 


* Se« Reid,/4M«ni. S0e, Chem, 1896, 75 ; Ingle, 1904, 1x97. 
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mixing drum (various colouring matters being here added according to the colour 
desired for the finished linoleum) and then passed into a “ German — an apparatus 
resembling a large sausage machine, but very strongly made. At first steam 
heating is necessary, but once the machine is working the heat generated by 
friction keeps the mass soft, and in summer it is even necessary to circulate cold 
water in the jacket instead of steam. From the “ German ” the linoleum issues as 
lumps or pellets, and is passed through mixing rolls, m which it is converted into 
sheets, and finally is rolled upon jute canvas by means of steam-heated rolls. The 
canvas back is protected by a varnish (“ backing spread upon it by means of a 
special machine , the main ingredients of the backing are oxidised oil and varnish, 
or varnish bottoms mixed with ochres or oxides , the material is fluid when hot, 
but solidifies on cooling. Finally the linoleum is ‘‘seasoned” in rooms at 23,5* C , 
best in horizontal racks. 

Linoleums may be grouped into (i) Plain and Printed ; (2) Inlaid ; (3) Cork 
Carpets. 

The Plain Linoleums consist essentially of cork, pigment, and cement 
rolled on canvas, they are printed with oil colours so as to produce designs 
(“printed linoleums”) The oil paints, however, in time wear off, and efforts 
were made to produce coloured patterns running right through the thickness of the 
coating composition, thus introducing inlaid linoleums ” This requires special 
machines of extreme ingenuity. Differently colouied linoleum compositions are 
granulated and moulded into the required shapes, and placed upon the canvas in 
such a way as to produce the required design , an alternative method is to roll the 
differently coloured compositions into sheets, and cut from these sheets various 
forms and stamp them upon the canvas The patterns thus built up are immediately 
welded together by heat and pressure, and afterwards seasoned Details of these 
special processes will be found in the patent literature All inlaids contain a large 
proportion of wood flour in addition to cork dust 

Granite Linoleums are of this class The “granite” effect is produced by 
mixing together granules of differently coloured linoleum compositions before 
pressmg the material on to the canvas In these inlaid linoleums the proportion of 
cement is generally rather more than that of cork and wood flour, so as to ensure a 
thorough welding of the various linoleum compositions forming the design 

In Cork Carpets the cork grains are larger, and wood dust is never employed, 
while the quantity of pigment is usually smaller than in the plain and inlaid 
varieties. Both kinds of cement are used. 

Oil-cloth consists simply of fabrics coated with linseed oil, whiting, and 
^.gment, and are printed in oil colours in the usual way. 

The colours used in linoleum and oil-cloth manufacture are — 

Red. — Red oxides, or, in the case of bnght inlaid colours, permanent lakes 

Blue. — “ Ultra ” blue. 

Green. — Chrome green and Brunswick green. 

Whttel' — White lead, lithophone. 

Yellow. — Chromes. 

Black. — Vegetable black. 

The authors* best thanks are due to Mr A. H. Dewar, F.I.C., manufacturing 
manager of the Linoleum Manufacturing Co. Ltd., who gave us much information 
regarding the modem methods used in manufacturing linoleum. 

Statistic8.-^The amount o£ eil-cloth and Uaoleum imported into the United Kin|;dom in 
1910 was l,o6o,ocx> sq yds , of value ;t7 1,700. The amount exported is shown by the following 
figures: — 

5 
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Quantities 

Value m 
19x0. 

1906 

1910. 

Oil-cloth — 

For floor coverings - • Sq. yds 

For furniture covenngs - • ,, 

For all other purposes • • „ 

Total of oil-cloth - ,, 

37 , 395*100 

8,206,200 

3,272,700 

36,123,800 

15.773.700 

2,394,800 

£ 

1.932.742 

611,602 

87.297 

48,874,000 

54,292,300 

2,631,641 


The United States m 1910 imported 4,800,000 sq. yds. (value, $1,834,000) of oil-cloth and 
hnoleum ; the export of floor oil-cloth reached $128,000 in 1910, the value of other kinds of oil-cloth 
exported being returned as $353,000. 


ANIMAL AND VEGETABLE WAXES (NON-GLYCERIDES) 

LITERATURE 

See under Oils, Fats, and Waxes Special works dealing with waxes alone are — 

L Sedna — “ Das Wachs und seine technische Verwendung ” Vienna, 1902 
T W. Cowan — ** Wax Craft . All about Beeswax.” London, 1908 
The manufacture of ordinary commercial “sealing wax” (which usually does not contain true 
wax) is dealt with in the following works — 

H. C. Standage. — “ Sealing Waxes ” London, 1902 
L E ANDifts — “ Siegel- u Flaschenlacke ” (Vienna, 1885). 

W Ellram — “Siegel- und Flaschenlackfabnkation ” Lodz, 1900. 


The waxes are esters formed by the union of fatty acids and alcohols not 
belonging to the glycerol senes Hence waxes are sharply distinguished from fats 
in that they contain no glycerol , they have, however, many properties in common 
with true glycerides (fats) , thus they can be saponified with alkalies, the salts of 
fatty acids and alcohols being obtained . — 

C15H31CO O.CgoHei + KOH = C^.U^COOK + C,oU^OH 

The wax “ myricin ” Pot palmitate Myricyl alcohol 


The saponification is much more difficult to carry out in the case of waxes than 
in the case of fats Wool wax, for instance, must be boiled with alcoholic potash 
for at least twenty hours , moreover the higher alcohols, being insoluble in water, 
occur in the ‘‘ unsaponifiable ” residue This allows us to readily distinguish fats 
from waxes; for whereas most fats yield 95 per cent of fatty acids, the liquid 
waxes yield only 60-66 per cent , the remaining 40-34 per cent being made up of 
monovalent alcohols, among which we may mention . — 



Cetyl alcohol - 
Octodecyl alcohol - 

- CiaH«.OH 

- CisHjyOH 

gw 

Carnalibyl ,, • 

- Ca4H4,^OH 

ej *0 

1 0 

2 0 

Ceryl „ • 

. CaaHasOH 

Myncyl ,, • 

• CsaHai OH 

^■3 

Psyllostearyl „ • 

• C 83 Het.OH 



Lanolin alcohol 
Cholesterol - 
Isocholesterol 
Phytosterol - 
Sitosterol 


CiaHgjOH 

CjnH4eOH 


Liquid Waxes 

Sperm Oil, from the blubber and head cavities of the sperm whale, consists 
of combinations of unknown alcohols with fatty acids. Cooled to low temperatures 
the oil deposits spermaceti (which see). The oil is a valuable lubricant, especially 
for rapidly running machines ; since it does not become gumm^ or rancid it can be 
used for delicate machinery such as watches. It retains its viscosity at high 
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temperatures. Sperm oil is used for lubncating, illuminating, dressing leather, and 
tempering steel. — Sp.gr. (15* C.), 0880-0883, sap val. 123-133; lod. val. 81-84, 
Reichert-Meissl val. 0.60 , fatty acids, 60-64 per cent , alcohols, 37-41 per cent , 
MaumeivS test, 45’-5i* C. If adulteration with fatty acids has taken place glycerol 
will be found present. The percentage of glycerol multiplied by 10 will give the 
percentage of fatty oil. 

Doegling or Bottlenose Oil is a fluid very similar to sperm oil, with almost 
identical constants ; it can be distinguished from sperm oil by its taste It has a 
lower price than the former oil on account of a slight tendency to gum." 

Solid Animal Waxes 

Spermaceti, the white crystalline wax which separates from chilled sperm oil, 
consists principally of cetin (cetyl palmitate), CiQ'H^O.CO.Ci^'Hf^y The substance 
IS a good candle material — Sp. gr. o 90-0.96 (15* C ), 0.80-1.81 (100* C ) , sol. pt 
and M P. 44® C. , sap. val 125-134, lod. val. 3.8, alcohols, 51.4 per cent. , fatty 
acids, 53 per cent. 

Beeswax* is obtained from the honeycomb of bees by melting, straining from 
impurities, and running into moulds Sometimes the wax is expressed It may 
be bleached by exposure to sunlight, or by an oxidising agent such as nitric acid, 
chromic acid, or hydrogen peroxide The ordinary yellow wax smells of honey, the 
bleached is white, inodorous, and tasteless, consisting mainly of myricyl palmitate, 
Ci6^8iO> cerotic acid, C 2 eH 5202 — Sp gr 0962-0975 at 15* C, 
081-083 C , sol pt. 60®, M.P. 63® C , acid val 20, sap. val. 90; lod. 

val 8-1 1, refract index, 43‘*-45* (butyro-refractometer) , fatty acids, 47 per cent ; 
unsaponifiable matter, 55 per cent. , Reichert-Meissl val 0.3-0 5 

Insect Wax, Chinese Wax is obtained from an insect. Coccus certferus^ 
Fabr, or Coccus pela^ Westwood, which deposits the wax on certain trees A 
hard, yellowish-white solid consisting mainly of ceryl cerotate, ^ 26 ^ 61 ® ^ 25 ^ 51 * 

This body is used as a furniture and leather polish, for sizing paper and cotton goods, 
and &s a candle material. — Sp. gr. o 92-97 at 15®, 0.81 at 100® C. ; M P 81 *-83® C. ; 
sap val 80-93 > lod val 14, fatty acids, 51 per cent , alcohols, 49 per cent. 

Wool Wax, Wool Grease is the natural grease encrusting sheep’s wool fibre 
Before spinning, this grease is removed, sometimes by extracting with volatile 
solvents, but more usually by washing with soap and sodium carbonate solutions, 
with which the oil forms an emulsion , on adding sulphuric acid to this the grease 
separates Since the process of wool washing gives rise to very large volumes of 
waste liquors containing much free and combined fat, complications ensue when 
these liquors are run off into sewers In the case of Bradford 12,000 per annum 
is expended for sulphuric acid with which to separate the fatty matter from the 
sewage t The recovered fatty acids are sold under the name Yorkshire grease 
or Wakefield grease at per ton, and 40 tons per week are recovered from the 
sewage In large wool-washing works the suds are treated before running to waste, 
the grease being converted into lanolin, soap, and lubricating oil In a works of 
moderate size 50 tons of grease are obtained monthly, and sold at ;^9 to ;;^io per ton 

The crude grease thus obtained is purified by various patented processes, and 
brought into the market under the name “ lanolin." Owing to the ease with which 
wool wax is absorbed by the skin it forms the basis of many valuable ointments and 
cosmetics The chemical composition of wool wax is not exactly known ; besides 
glycerides it contains stearic and palmitic ethers of cholesterol and isocholesterol. 


** A complete account of beeswax, its manufacture and properties, is given by T. W. Cowan, 
*‘Wax Craft: All about Beeswax.** London, 1908 See also W. F. Reid, Soc, Arts 

(1903), $22 

t Jour Chem Ind* (1909), 38, 14. 




Summary.— The following tables, taken from A. C. Wnght’s “ Analysis of Oils," 
summarise the chief chemical and physical properties of the better known oils : — 

The Chemical Properties of 



Acid Vslue * 

Saponification Value 

If shner Value. 

Dimg: oils— 

Lmseed oil 


1-8 

187.196 

94-8 

Hempseed oil .... 

Wood oil 


I 

0 7-10.7 

190-195 

(I5S-) 193-197 

960-96 6 

Candle-nut oil • • • • 



184-192 6 

95 5 

Walnut oil 


10 

192-197 

95 4 

Poppy-seed oil • • • • 


4-1 1 

189-198 

950 

K^er-seed oil • • • • 

Semi-drying: oils— 


5-12 

189-192 

94* 

Sunflower-seed oil ... 


0 2-6 

190- 193 


Maize oil 


2 2-20 

187-190 

88 2-93 6 

Pumpkin-seed oil > 


3 5*19 

188-195 

96.2 

Sesam^ oil 


0 2-8 

188-192 

95 6-95 8 

Cotton-seed oil - • • - 


0 4-2 2 

190 4-197 

942 

Rapeseed oil 

Ble^k mustard oil - 
White mustard oil - 


I 4-40 

5 7-7 4 

54 

(169 4.) 173-178 (-181) 

173-175 

170-171 

945963 

96 0 

958 

Non-drying: oils and solid fats— 


Earthnut oil 


0.3-33 

185 6-196 

956 

Almond oil 


10 

188-195 

966 

Croton oil 



210 3-215 6 


Grapesced oil ... 


16 

178-179 


(^tor oil - ... 


0 4-0 8 

173-183 

. 

Olive-kemel oil • • • • 


2 0-3 5 

182 3-188 


Olive oil 

Ben oil 


0 6-s 0 (-25) 

185-195 

0 6 

Neat’s foot oil • • • • 


0-0 7 

194-197 4 

95 3-95 5 

Lard ... 



195 3.196 6 

95 8-96 IS 

Lard oil 


04 

*93 

97 4 

Mahwa butter (Bassta lattfolia) 


4 8-70 8 

187.194 

94.7. 95 0 

Mowrah-seed oil ( Bassta httgiMia) 



188 4 


Palm oil 



196-202 

, » 

Bone fet 



*72-194 

86-94 

Tallow (beef) 


1 

I 

193-198 

956 

Tallow (mutton) .... 



*95 

95 5 

Tallow oil 



*97 


Cocoa (cacao) butter . 


I.I-4.5 

191 8-194.5 (-200) 


Vegetable tallow .... 

1 

198 5-203 6 

86 0-88.8 

Butter fat 


0206 

221-235 

Palm-kemcl oil • • • • 



246-250 


Japan wax 


11-32 

(206-212-) 217-222 (-237.5) 

906 

Myrtle wax ..... 
Cocoa-nut oil ... 


3 

10 0-35 2 

205 7-211.5 

255-263 

82 3 

Marine animal oils— 


Menhaden oil . . - 


0 2 

189-192 


Sardme oil 


2.2-21 7 

189.8-193.8 

94-S-9M 

Gxi-hver oil - 


0 3-31-9 

(171.) 175-188 

96.5 

Seal oil 


0.8-43.1 

(178-) 189-193 

95*4-96.0 

Whale oil - • - - 


0.3-5* 4 

184-200 (-224) 

Porpoise oil • • • - 


0.8 

203 4-218-8 

... 

Dolphm oil 

Liqma waxes— 

Sperm oil 


... 

197-290 

66.J.93 


04 

(117.) 125-133 (.147) 

••• 

Arctic sperm (bottlenose) oil 

Solid wazea— 


•• 

*23*33 

- 

Spermaceti ... 


0.1-S 

(108) 122.7-136 


Beeswax 


17.5-21 

87.5-99 


Camatiba wax 


4.8 

^79-95 

, 

Wool wax 


o6-i 8 

83-102 4 

1 


NOTES (see also the notes appended to the Table of Physical Properties, {k 59). 

* The add values frequently vary greatly , in most cases the higher valuw g^ten Is not to be regarded as a superior limit 
^ f The Mai volatile (soluble) acids may be oalculated from the dtifersnce between tihe apperent and true acetyl values 

dttennhied by Leadeowitsdh's method, given in the next column. This differenes, muldpUed by gives (very nearly) ^s 
nttmlwr uf cc of decioonaal potash required to neutrdtse the volatile acids contained ini g. of the fat 

S4 







THE Oils, Fats, and Waxes. 


Reicbert'Meissl Value.t 

Acetyl Value (Lewko* 
witach's Method). 


Inaoluble Fatty Aads | 

Iodine Value t 

Saponification 

Value. 

Iodine Value t 


Apparent 

True. 

0(?) 

125 

117 

(160.) 170-202 

182-199 

170-180 (?) 



, 

(140-) 155-166 


141 (?) 

... 



150-170 

(i68)-i89 

(144-) 150-160 

,, 


9.8 

(136-140) 163 7 

. 

142 7*144 

0 



143-148 



0 



(120-) 128-137 

... 

139 

0 1*0 6 

... 

• 

126 6-134 

- 


. 

eee 


118-132 (-136) 

201.5 

124.134 

4 . 2 - 9.9 

.. 

. 

(113-) 118-128 6 

200 0 

121-126 4 




113-130 7 



0 35 



104 8- 1 10 4 

195*199 

109-112 


77 

7.6 

(97 5-) 102 5-110 

201-208 

102 4-1 15 

0 00 8 


. 

(94-) 98-105 (-no) 

174-182 

98-105 

0 



98 8-106 (-1X0 5) 

. 

no 

0 


... 

92-967 


96 

0 



(82.) 92-105 

198 

96-103 4 

0 



93*102 


. 

12-14 

38 6-40 8 


101-104 7 

201 

Ill 2-in 8 

046 



94-962 

187 

98-99 



1469 

82 6-87 

182-193 

86 6-94 


, 


81 8-87 8 






78-85 (-88) 

196-200 

8690 




80-84 






67-72 9 

200 6-201 2 

(63 6-69 5) 74.5-75 8 




55 63 (-68 8) 


590-635 

0 



73-77 3 



04-09(183) 



(* 9 - 9 ?) 53-4 67 8 

206 0 

(3* 6?) 

.. 



50 * 



05 



50-53 5 

205-213 

S 3 




46-56 (-62) 

201-206 

55*57 

OS 

• see 

6.6 

46 

1 average, 41-46 | 

196-207 

41 

378 




7 > 0-75 7 


54 6-57 

a2-o 8 (-1.6) 

28 

2 0 

32-370 (-41) 

198 

391 


. 


28.38 

202-209 5 

303*395 

(11.2-) 24.33 (-41) 



* 9-37 

212 5-217 

28.31 

5 



10-17 

258-265 

(3 6-) 12-136 

(4 7-6 per cent, of soluble 



8 3-12 8 

211-216 

10 6 

acids) 






, , 


... 

10 7 

230 


66-8.5 



8.2-9 6 

• 

84-93 

*•4 

,, 


(148.) 175 6-183 1 



.. 



134 M91 7 

... 


0.2 

4.75 

I 15 

(123.) 138.8-177 

204 

165-170 

, 



(91.94.) 125-146 



Reichert value, 3 7*12 5 



(81.) 106*131 

. 

130132 

22.24 

,, 


126.9 

... 


Reichert value, 5.6*66 

•• 


33*99 

... 

1 

Reichert value, 1.3 

7 ‘i 

54 

78 7.84 

... 


... 

6.7 

54 

80.4.82.1 

••• 


ass 

46 

26 


eea 

... 

a 

174 


8.8-10 7 

. 

... 


57‘5 

552 

*3 5 , 


. . 


326 

233 

(10*) 20*21 (.28) 

** 

* • 


X Iodine value. Low malts were obtained in the older determinations owing to the use of an insuffiaent excess of the rea|;ent. 
Low results in the case of the drying oils may also be due to the sample having undergone oxidation. Thus the lower figures pven 
in the table represent values whidi may not now be expected* 

S 9 









THE PHYSICAL PROPERTIES OF THE OILS, FATS, AND WAXES 





The Physical Properties of the Oils, Fats, and Waxes { continued ) 



Notes 

It has not been thought necessary to quote the authorities for the figures in this table. . ^ u i u- i. i j 

Fig^ in brackets r^resent abnormal results, possibly due to the examinaUon of a genuine oil of unusual character, or of a sample which lias undergone 

modification through keeping. 
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as well as the potassium salts of several fatty acids — Sp. gr. o 943 (17* C ), o 90 at 
100* C. ; sol. pt. 30* ; M.P. 36"-42* C ; refract, index (60° C ) 1.465 , sap. val. 80 
100 , lod val. 20-29 ) f^tty acids, 60 per cent. ; alcohols, 43-50 per ceni Mixed 
fatty acids melt 41’ C. , iod. val. 17 , mol. wt. 327. Mixed alcohols, M P. 33° C ; 
iod. val. 26-36 ; acetyl val. 144 ; mol wt 239 

Pure Lanolin is perfectly neutral, does not become rancid, and is very difficult 
to saponify ; its capacity for absorbing water is most remarkable, taking up when 
kneaded no per cent to form a cream, it similarly takes] up glycerin. The skin 
absorbs it in an extraordinary way, and thus it serves as an excellent basis for 
introducing effective remedies through the skinj for instance a lanolin corrosive 
sublime ointment containing but T^nrir cent of corrosive sublimate produces a 
metallic taste upon the tongue within a few minutes of application to any part of the 
body ' Lanolin consequently forms an excellent basis— either hydrated or combined 
with glycerin — for ointments, pomatums, and cosmetics 

Distilled Grease 

Yorkshire grease from wool and soap suds is often too dirty and odoriferous 
to be used for anything except cart grease and rough lubricating materials for 
rollers, etc. To obtain a better product it is often distilled in cast-iron stills 
holding about 4 tons of grease, first for ten to sixteen hours over a free fire (to 
remove water), and then for twenty to twenty-four hours with superheated steam 

“ Spirit Oil ” {sometimes, not always) comes over first Pale yellow oil, darkens 
on keeping, boils over at i5o*-32o° C Used in making black varnish 

First Distilled Grease is the second product coming over It is often 
allowed to crystallise, and is then pressed for liquid oleic acid and solid 
“stearine” (MP 48°-57° C) It is sometimes redistilled (“second distilled 
grease”) 

The next product to distil is the “ green oils,” sometimes used for coarse lubn 
eating greases , more often mixed with another batch of material and redistilled 

Pitch remains behind in the still It is used as a lubricant for the necks of 
hot rollers. 

Wright gives the following numbers for the distillation of lOO parts Yorkshire grease — Pitchy 
14 per cent. ; green oil, 15.5 per cent ; first distilled grease, 45 5 per cent. , spirit oil, 4 per cent ; 
water and loss, 21 per cent. Lewkowitsch finds m distilled grease 55 per cent free fatty acids ; 
7 per cent, combined fatty acids , 39 per cent unsaponifiable matters 


Solid Vegetable Waxes. 

Caraaiiba Wax is exuded by the leaves of the Brazilian wax palm, Corypta 
cerifera, and consists principally of myricyl cerotate Used in candle manufacture, 
polishing pastes (wax varnishes), and in making phonograph cylinders — M.P. 
84*C. j acid val 4-8; sap val 79-95, lod val 13 True acetyl val 55; sp.gr. 
(15* C.), 0.99-1.0, 0.84 at 100° 

Other vegetable waxes are flax wax, gondang wax, pisum wax, opium wax, palm 
wax, ocuba wax, cotton-seed wax 

The authors desire to thank Mr W. H. Stephens, A.R.C.S , for readmg through 
the above MS and for several valuable suggestions and corrections. 
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IV.— METHODS OF EXAMINATION OF FATTY OILS 

By C Ainsworth Mitchell, B.A., F.LC. 

LITERATURE 

See under Animal and Vegetable Fatty Oils. 

Methods of Examination. — Only in exceptional cases (such as sesame oil 
and cotton-seed oil, which contain characteristic compounds) is it possible to 
directly identify a given fatty oil by means of a reagent, and it is therefore necessary 
to apply physical and chemical tests, which will locate the oil m successively 
narrowing groups and finally to apply similar tests of identity 

The methods employed include a determination of the so-called “constants’* 
or values of the sample, such as the specific gravity, solidification and melting 
points, optical properties, amount of iodine absorbed (iodine value), amount of 
alkali required for saponification (saponification value), amount of volatile and 
insoluble fatty acids present in the oil (Reichert and Hehner values), etc 

The difficulty of the task is often increased by the fact that oils and fats of the 
same kind show considerable variations m their constants — so much so that an oil — 
e g , olive oil — may contain a considerable proportion of an adulterant such as maize 
oil, and still show values falling within the higher limits recorded for the pure 
natural oil This will be seen more clearly in the following details concerning the 
** values ” 

Specific Gravity. — This is usually determined at a temperature of 15.5* C in 
the case of oils and at 100* C. in the case of solid fats, water at 15.5'’ C being 
taken unity Tables of Speafic Gravities are given, pp. 56-59 

The following table, based on a system first proposed by Allen, illustrates the 
assistance given by the specific gravity in the classification of oil 


Oils 


Sp. gr 0 913-0 920 
(IS S° C ) 

Sp gr. 0 920-0.925 

ds’ C ) 

Sp gr 0925093s 

Sp gr 0 935 0 960 
(IS S' c ) 

Almond oil. 
Colza ,, 
Arachis „ 

Olive „ 

Cotton-seed 01! 
Maize ,, 

Sesam^ ,, 

Cod- 1 

Linseed oil. 
Whale „ 

Liver oil. 

Tung oil 

Castor „ 

Croton „ 


Fats and Waxes 


Sp gr. 0 800-0 855 
(loo* C ) 

Sp gr 0855-0863 
(loo* C ) 

Sp gr 0 863-0 867 
(loo“ C ). 

Spermaceti. 

Bee wax. 

Palm oil 

Cacao butter. 

Tallow. 

Lard. 

Cocoa-nut oil. 

Japan wax. 
nutter fiit. 
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Refractive Index. — Oils frequently show pronounced differences in their 
refractive index— so much so that this value when determined by means of a 
refractometer at a definite temperature may afford decisive proof of adulteration. 
Thus m the case of butter fat Wollny obtained readings varying from 1.4560- 
1.4620, while margarine gave readings of 1.4650-1.4700, and mixtures of butter 
and margarine readings of 1^4620-1 4690. 

A special instrument termed a ** butyro-refractometer,*’ in which the readings are 
given in degrees on a scale, is widely employed for this purpose, and is particularly 
useful as a sorting test As is evident, however, from the examples quoted above, 
a mixture of butter with a small percentage of margarine may give refractometer 
readings falling within the limits of those of genuine butter (See Tables^ pp. 56-59 ) 


Melting and Solidification Points.— The temperatures at which fats or 
oils melt or solidify also afford means of identifying different samples. For instance, 
almond oil does not solidify until chilled to - 20* C., whereas olive oil solidifies 
at about 2**4* C. These differences largely depend upon the nature of the fatty 
acids in the glycerides. Thus olive oil contains a large proportion of the glycerides 
of solid fatty acids, whilst in almond oil such glycerides are only present in traces, 
the oil consists chiefly of glycerides of liquid fatty acids. (See Tables^ pp. 56-59 ) 
The melting points of the separated fatty acids may also afford valuable 
information. The following are a few solidifying points of fatty acids obtained 
from various oils and fats (the numbers represent Centigrade degrees) : — 


Beef tallow, 38-46. 
Mutton tallow, 41-48. 
Lard, 34-42. 

Horse fat, 33 7. 

Neat^s foot oil, 26 5. 
Palm oil, 36-45. 
Cocoa-nut oil, 20-25 
Palm-nut oil, 20-25 
Japan wax, 59. 
Vegetable tallow, 45-53. 
Linseed oil, 13-17. 


Tung oil, 37 
Hemp oil, 14-16 
Poppy-see^, 165 
Cotton-seed, 32-36. 
Rape, 12-18. 

Olive, 17-26 
Arachis, 23-29. 
Cod-liver, 18-24. 
Whale, 24. 

Japanese sardine, 28 


The Acid Value. — ^This is a measure of the quantity of potassium hydroxide 
required to neutralise the free fatty acids in an oil. Gradual decomposition of the 
glycerides into their components glycerol and free fatty acids takes place when a 
fat is exposed to the action of light and air, with the result that the acid value 
steadily rises This value may therefore be a test of the freshness of an oil. Old 
and rancid fats sometimes have very high acid values. (See TabUy p, 54 ) 


Saponification Value.— The oil is boiled with a measured excess of alkali 
in suitable solution, and the amount (expressed in milligrammes of potassium 
hydroxide) required to effect complete decomposition of one gramme of the fat 
into soap and glycerol or other alcohol is termed the saponification value. 

As the fatty acids possess different molecular weights, the proportion of alkali 
required to neutralise them will also vary, and the oils containing them will have 
different saponification values. (See TableSy pp. 54, 55 ) 

By way of example, the following saponification values may be quoted 


Castor oil, 176-183. 
Cod-liver oil, 182-187. 
Cotton-seed oil, 192- 193. 
Olive oil, 190-195. 
Linseed oil, 190-195. 
Almond oil, 190-192. 
Lard, 195-196. 

Butter fat, 225-230. 


Cocoa-nut oil, 255-260. 
Beeswax, 90. 

Paraffin wax, o. 

Wool wax, 102, 

Insect wax, 90. 
Spermaceti, 123-134. 
Sperm oils, 123-136. 
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Hence, if a sample of lard showed a saponification value of, say, 200, the presence 
of cocoa-nut oil would be suggested and further tests for that fat would be applied 

Note,— ( i) Waxes, both liamd and solid, are characterised by such low saponification values 
that th^ are easily distinguished by this means from oils. 

(2) The majonty of oils and fats have saponification values about 193 Higher or lower values 
than this may suggest the presence of special oils 

(3) Mmeral oils have a sero saponification value, and consequently their presence lowers the 
saponification value of a fatty oil 

Iodine Value — The liquid fatty acids, which form the principal constituent of 
the glycerides in fluid oils, are unsaturated compounds, and will combine with 
bromine or iodine (in suitable form) to form saturated bodies. The percentage of 
iodine absorbed in this test is termed the iodine value, and is a most valuable 
means of identifying different groups of oil 

One class of oils, typified by almond and olive oils, consists largely of oleic acid 
(which absorbs approximately 90 per cent, of iodine) These have iodine values of 
about 80-95, are known as non-drying oils 

Another group contains oils in which Imolic acid (absorbing about 18 1 per cent 
of iodine) is an important constituent. Cotton-seed oil (iodine value, about 108), 
sesam^ oil (iodine value, no), and maize oil (iodine value 120) are examples of 
these oils, which are termed semi-drying oils 

A third important group contains the drying Oils, in which the glyceride of 
linolenic acid (iodine value, 274) is usually an important constituent They naturally 
have high iodine values, eg, linseed oil, 195 , nut oil, 142 

Marine animal oils also have high iodine values, due to the presence of highly 
unsaturated fatty acids, but they may be distinguished from drying oils by their 
non-drying properties, and by other tests 

Solid fats have iodine values which are greater in proportion to the amount of 
unsaturated fatty acids they contain Lard, for instance, usually has an iodine 
value of 50-60, so that a high iodine value {eg, 70) points to the lard having been 
stiffened with beef fat, and then rendered sufficiently fluid again by the addition 
4)f a vegetable oil, such as maize or cotton-seed oils 

Certain kinds of American lard, however, normally have high iodine value 
(up to 66), and it is therefore necessary to confirm the presence of a vegetable 
oil in lard by other tests (see p 66) 


Iodine Values of Common Oils, Fats, and Waxes (see p 55) 


Oleic acid, 90 
Tallow, 35-46 
Butter, 36-48 
Lard, 50 65. 

Mutton fat oil, 32-57. 

Oleo marganne, 53-88 
Olive oil, 79-93. 

Sesam^ oil, 103-1 12, 

Rape oil, 94-108. 

Cotton-se^ oil, 105. 

Castor oil, 83-86 
Arachis oil, 90-103. 

Palm oil, 51-57- 
Cocoa-nut oil, 8-9. 

Palm-kernel oil, 10-17. 

Croton oil, 101-109 
Lmseed oil, 179-200. 

Tung oil, 149-167 

Notbs.-->-(i) Linseed oil has a high iodine 
that value* 


Sunflower oil, 118-136 
Hemp-seed oil, 140-166. 
Poppy-seed oil, 1 37-1 43 
Walnut oil, 143-148 
Seal oil, 127-146 
Whale oil, 121-146 
Cod-liver oil, 154-181. 

Shark liver, 115 
Menhaden oil, 175-183. 

Sardine oil, 161-193 
Porpoise oil, 131. 

Sperm oil, 81-84 
Arctic sperm oil, 67-82. 

Insect wax, 1 4 
Beeswax, 10. 

Spermaceti, 4. 

Wool wax, 17. 

Carnauba wax, 13 

I, and adulteration with foreign oils lowers 
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(z) The additi(m to walnut or poppy-seed oil of 5-10 per cent, of rape or cotton-seed oils and 
ao per cent linseed has an influence on me iodine value. 

(3) The adulteration of olive oil with only 5 per cent, of a drying oil and 15 per cent, of cotton 
seedf sesam^, ra^, or arachis oil may be suggests by the iodine value 

(4) Fish oils nave veiy high iodine values, and their presence is thus indicated insoils with low 
iodine values but not in drying oils. 

(5) If I denotes the lodme value of a mixture of two fats whose iodine values are m and n 
reqf>ectively, then, percentage of fat 

fn-'H 

Hehner Value. — This test devised by Hehner indicates the percentage of 
insoluble fatty acids which can be separated from an oil or fat. It is usually 
about 93-96, but in the case of fats (such as butter, cocoa-nut oil, and palm oil) 
which contain a high proportion of volatile and soluble fatty acids it is much 
lower. Thus butter usually has a Hehner value ranging from 85-88, and cocoa-nut 
oil a value of 88-90. 

We give a few numbers ; for others see Table, p. 54 : — 

100 g. cow’s butter fat contain 86-89 g- insoluble fatty acids. 


tallow „ 96 

lard „ 96 

olive oil „ 95 

poppy seed „ 95 

palm oil „ 96 

palm kernel „ 91 

cocoa-nut oil „ 89 

dolphin jaw oil „ 66 

porpoise jaw oil „ 70 


Reichert Value — This is a measure of the amount of alkali expressed in 
c.c. of decinormal solution, required to neutralise the proportion of volatile soluble 
fatty acids liberated and distilled under the constant conditions laid down by 
Reichert. A modification of the method devised by Meissl is more commonly 
employed, the value being termed the Reichert-Meissl value, and relating to 5 g 
instead of 2 5 g. of the fat The following are a few typical Reichert-Meissl values 
(for others see Table, p 56) - 

Butter fat, 28 c c (24-33). Cocoa-nut oil, 7-8 c c. 

Beef tallow, o 5 c c Maize oil, o 3-4 4 c c. (Reichert). 

Olive oil, 0.6 c c Croton oil, 13 c c. 

Sesame oil, o 7 c c. Dolphin oil, 1 1 c c 

Rape oil, I o c c Dolphin jaw oil, 130 c c 

Palm oil, I o c c. Porpoise body oil, 46 c c. 

Palm-kernel oil, 5 c.c Porpoise jaw oil, 100-139 c c. 

Most of the solid animal body fats have only trifling Reichert-Meissl values, but 
in butter fats the proportion of volatile fatty acids is high, and correspondingly high 
values are obtained in the test. 

Thus m the case of cow’s butter the value normally ranges from about 24 to 
about 33. Hence when a sample of butter shows a Reichert value of, say, 20, the 
addition of an adulterant is probable. In the case of certain kinds of Dutch cows, 
however, the butter fats sometimes give a value as low as 17, this being attributed 
to leaving the herds in the fields too late in the season 

Most vegetable oils and fats have a Reichert-Meissl value of less than 2, but 
cocoa-nut oil has a value of 7-8, and palm-kernel oil a value of about 4. A 
considerable amount of these fats may, therefore, be added to butter without render- 
ing the Reichert value suspiciously low. 

Of late several methods of detecting these fats in butter have been based upon a 
separation of the fatty acids intermediate between the quite insoluble acids and 
those readily volatile. Cocoa-nut oil and palm-kernel oil are particularly rich in 
these acids, and therefore show an extended ” Reichert value, which is not given 
by butter. (See also pp. 75, 87.) 
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Matimen^ Test. — Weigh 50 g. of oil into a 200 c c. tall beaker packed with cotton wool into 
a litre beaker ; run m slowly (take sixty seconds) from a burette 10 c.c. of concentrated sulphuric 
acid, stirring continually with a thermometer ; the highest temperature attained is the required value. 


Ohye oil, 42” C 
Almond oil, 52®-54* CX 
Rape oil, S7®-6o® C 
Arachis oil, 4S®-75* C. 
Sesam^ oil, to” C 
Cotton seed, 7^-90* C 
Poppy seed, to” C. 
Walnut, loi” C. 

Hemp seed, 08” C. 
Linseed, 103 -145” C. 
Castor, 47® C. 


Tallow oil, 4i”-44” C 
Neat’s foot, 48" C. 

Cod liver, 102”- 103® C. 
Skate hver, 102” C, 
Menhaden, 126® C. 
Seal, 93” C 
Whale, 92” C 
Porpoise (body), 51” C. 
Sperm, 51” C 
Arctic sperm, 4r-47” C 


Drying oils have a high Maumen^ value ; so also have fish oils Non-drying oils have a low 
value 


Hlaidm Test.-~Useful for detecting drying oils mixed with non-drying, and vice vcrsd. Measure 
50 c c of oil into a wide-mouthed stoppered bottle of 100 c c capacity , add 2 c c of cold, freshly- 
made mercury nitrate (prepared by dissolving 13 g mercury in 12 c c concentrated nitric acid, 
keeping cold in cold water to retain nitrous fumes), shake well , place in air oven at 25® C. for 
twenty-four hours, agitating from time to time ; simultaneously perform a comparison experiment 
With a standard sample of oil, and compare results Note length of time of solidification and 
consistency of mass after twenty-four hours 

Drying^ Oils (linseed, hemp seed, walnut, poppy, etc ) remain Jimd 

Semi-dryingf Oils (rape, neat’s foot, sperm, cotton seed, etc ) yield after twenty-four hours a 
thick mass of treacle-like consistency 

Non-drying Oils (olive, sperm, tallow, etc ) turn into a solid mass 

The following examples show the use of these constants in analytical work 

I A sample of oil sold as olive oil had the following characteristics Sp gr o 924 ; acid 
value, 4 , saponification value, 190 , iodine value, 105 , refractometer reading, 67 , melting point 
of fatty acids, 24® C 

The iodine value at once indicated that this was not pure olive oil, and the other values agreed 
with those of pure sesam6 oil This was confirmed by a special colour reaction for that oil, and by 
4he fact that it slowly dried on exposure m a thin film to the air 

3. A solid fat sold as lard gave the following results Iodine value, 72 , and Reichert- Meissl 
value, 2 ^ The high iodine value suggested the presence of a vegetable oil, and this was found by 
special colour reactions to be cotton-seed oil The Reichert- Meissl value indicated the presence of 
cocoa-nut oil, and this was confirmed by other tests 


Differentiation of Fish Oils from Drying Oils —Oils such as cod-liver 
oil (and manne animal oil, whale, etc) may be distinguished from linseed and 
other drying oils by drying tests, and by the fact that on treatment with bromine 
they yield an insoluble white compound, which turns black when heated 

The corresponding compound from linseed oil treated m the same way melts 
to form a colourless liquid. The following list gives the percentage yield of 
insoluble bromides from certain typical oils . * — 


Linseed, 24-38. 
Tung oil, nil 
Candle-nut oil, 8. 
Walnut oil, 1.4-1 9. 
Poppy-seed oil, niL 
Maize oil, niL 
Cotton-seed oil, nil 
Brazil-nut oil, ml 
Olive oil, niL 


Almond oil, niL 
Fish oil (deodorised), 50. 
Cod-liver oil, 30-43. 
Japan fish oil, 22. 

Shark hver, 20. 

Seal oil, 28. 

Whale oil, 15-26. 

Sperm oil, 2 4-3 7, 


Mineral Oils m Fatty Oils.— In order to detect nuneral oils, paraffin wax, and other unaap- 
onifiable matters in fats, we proceed thus * Saponify with alcoholic potash, evaporate to dryness on 


* This test was originated by C. A Mitchell. Lewkowitsch and others invariably describe 

these insoluble bromides as **hexabromides." They are the bromides of mixed glycerides and 
certainly not hexabromides. 
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the water bath, extract the unsaponifiable matter with petroleum spint or ether, 
evaporate the solvent, and the residue represents the amount of unsaponifiable 
matter. The saponification is effected thus • Weigh out lo g fat into a porce- 
lain basin, add 50 c c of 8 per cent, alcoholic potash solution, boil on water 
bath until soap logins to froth, then add 15 c c. alcohol and boil ixatil the soap 
is dissolved. Stir into the mass 5 g. sod bicarbonate and 50-60 g. recently 
ignited pure white sand ; dry twenty minutes in water oven, transfer to a Soxhlet 
apparatus, extract with petroleum spirit (B P. below 80® C ), distil off petroleum 
spirit and weigh residue. Waxes require prolonged boiling for complete saponi- 
fication, but are more easily saponified if boiled with a freshly-made solution of 
sodium (5 g ) in absolute alcohol (100 c c ) The Soxhlet apparatus used for 
extraction is shown in the figure. The substance to be extracted is placed in 
the tube a, which is closed at y In ^ petroleum spirit is placed and heated to 
boiling point The vapour rises through tr into the condenser and, descending 
in the form of drops, gradually fills a with liquid to the level of the bend in the 
tube ^ ; when this happens, the liquid syphons over into the flask bearing with 
It the extracted matter Then the process begins anew, a continual stream of 
solvent flowing through a until all the extractible matter is removed from the 
substance The fluid in ^ is then distilled, and the extracted matter remaining 
behind is dried at 100® and weighed 

To Distinguish Between Animal and Vegetable Oils and Fats 

Ammal Oils and fats contain the alcohol cholesterol, C27H46O Vege- 
table fats contain a similar alcohol called phytosterol, C27H4CO This fact 
allows us to distinguish between animal and vegetable fats If the fat contains 
both cholesterol and phytosterol it is a mixture of animal and vegetable fats 
The method of examination is as follows : Saponify a considerable quantity of f it 
by alcoholic potash ; the cholesterol or phytosterol remains in the unsaponifiable 
matter If the body is a wax, saponify with sodium dissolved m absolute alcohol 

1 Dissolve the unsaponifiable matter m ether, filter if necessaiy^ evaporate 
off the ether, redissolve in absolute alcohol, and allow to crystallise on a watch 
glass ; examine crystals under the microscope Crystals of cholesterol ha\ e a 
different shape from those of phytosterol 

2 Heat crystals obtained in I with 2-3 c c of acetic anhydride in a small 
dish covered with a watch glass ; evaporate off the acetic anhydride on the water 
bath and crystallise twice from alcohol Take melting point in the usual way 

Choiesteryl acetate melts 114'’ 115®; Phytosteryl acetate melts 125'’ 
137® C Hence they are easily distinguished 

If both cholesterol and phytosteryl acetates are present fractionally crystallise 
the mixture several times from alcohol and thus separate the crystals into high 
melting and low melting portions, and examine these separately 
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V,— MILK, BUTTER, AND CHEESE INDUSTRY 

By Wm Goodwin, Ph D , M Sc 
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qf Agricultural Chemistry at the IFye Agricultural College 
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MILK 

The average composition of cow’s milk may be taken to be : Water, 87 60 ; 
protein, 3 50 , fat, 3 40 , milk sugar, 4 60 , mineral matter or ash, 075 

In addition to the above, milk contains small quantities of other substances 
Some of these, such as lecithin and nuclein, have an important physiological value, 
whilst others like urea, cholesterine, hypoxanthine are unimportant 

Milk being a liquid designed for the nutation of the young contains those 
materials needed for the development and growth of the organism m its early stages 
The proportions in which the various constituents are present m human milk and 
in the milk of different animals vanes somewhat widely, as will be seen from the 
following table — 



Woman 

Cow 

Goat 

Sheep 

Horse 

Ass 

Water 

Fat 

Protem 

Milk sugar 

Salts • • • • 

88 32 

3 43 

I 55 
644 
0.26 

87 75 
340 

3 50 

4 60 

0 75 

86 34 
425 
440 

4 26 
075 

81 08 
767 

608 

4 26 

0 91 

90.38 

I 00 

I 98 
628 
036 

9035 

I 30 

I 80 

6 20 

035 

100 00 

100.00 

100 00 

100 00 

100 00 

100.00 

Specific gravity 

I 032 

I 0315 

I 033 

I 038 

1 034 

^•033 


6 
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Comparison of the composition of human milk and other milks will show that 
considerable differences exist. For the feeding of infants this point is worth 
attention. ^ 

Confining all further remarks to the milk of the cow, it may be said that fresh 
milk IS homogeneous with a bluish yellow colour. The colour varies according to 
the breed of the cow, Channel Island cattle giving a milk which has a much deeper 
yellow tint than the milk of other breeds. 

Milk has a pleasant, sweetish taste and a characteristic animal smell, but this 
should not be markedly noticeable. The smell, in fact, may be absent if the milk 
has been obtained under conditions of extreme care and cleanliness. 

When tested with litmus paper milk shows a distinct amphoteric reaction, 
that is, It turns red litmus paper blue, and blue litmus paper red. The presence 
in the milk of various neutral and acid phosphates of potassium and calcium as 
well as carbonates of these two metals causes this reaction. To phenolphthalein milk 
is acid. 

The average specific gravity of milk may be taken to be 1.0315. The freezing 
point lies below that of pure water, viz. ~ o 553* C , and the boiling point about o 2’ 
C. higher than water. 

Milk when left to stand throws up a lajer of cream owing to the rise of the 
specifically lighter fat globules. In the milk of some breeds of cattle the fat globules 
are considerably larger than the average, and so rise more quickly According to 
Gutzeit the average diameter of the globules in the milk of the shorthorn is 2.76 /x, 
whilst in the Jersey it is 3 5 /x 

As regards the number of fat globules in a cubic miUimetre of milk varying results have been 
obtained — average figures are difficult to give, but probably three to five millions is not far wrong 

It has been held by some authorities that the globules of fat are surrounded by some membrane 
which keeps them apart. This membrane is vanously stated to be composed of fibnn, globulin, or 
casein, whilst Storch isolated firom cream, that had been repeatedly washed with water, a material 
containing 14 77 per cent of nitrogen which he considered came from the “mucoid membrane” 
surrounding the fat globules 

The ordinary laws of surface tension seem, howler, to satisfactorily explain how the globules 
are kept apart, and at the present time this is the prevalent view. The work of Morres* gives 
strong support to this view. 

Considering in detail the constituents of the dry matter, or total solids of milk, 
the first important class is that of the proteins. There are three of these—casein, 
albumin, and globulin, and the first represents about 85 per cent of the total 
protein of milk. The albumin and the globulin make up the remaining 15 per 
cent., the latter only being present in very small quantities. 

Casein is an interesting chemical substance of great economic value ; in fresh 
fmilk It IS in suspension in a finely divided colloidal state. It cannot be separated 
by filter paper, but filtration through an unglazed earthenware filter leaves the 
casein (and fat) as a porcelain-like mass on the sides of the filter This shows that 
the casein is not dissolved in milk, but is suspended. 

The casein from cow's milk is very similar to, although perhaps not identical 
with, the casein of the milk of other animals 

What IS ordinarily called the casein of milk appears to be a compound of casein 
(which may be regarded as an acid having a basicity of four or six) with lime. The 
compounds of casein with the alkalies give solutions which are almost clear, with, 
at the most, a faint opalescence. 

Up to the present three compounds of lime and casein have been described, 
the monocalcium with 0.87 per cent. CaO, the dicalcium with 1.55 per cent. CaO, 
and the tricalcium with 2 46 per cent CaO. The existence of the mono- and 
tricalcium caseinates has been questioned. 

Casein is a nucleo-albumin which is distinguished from others of its class by 


* Aftkkwttischaft ZifUrtiibhtty 1909, p. 502. 
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the amount of phosphorus which it contains, and by the effect which rennet has 
upon It. 

The ^ementary composition of the casein of cow^s milk can be seen from the 
following analyses : — 



Hammarsten 

Tangl. 

Burow 

Ellenberger 

Duclaux 

c • - . 

5296 

52 ,^ 

52 825 

— 


H - • • 

7 05 

681 

7095 



0 


*3 Hi 

22 906 



N . . 

>565 

1565 

15 640 



P 

0847 

0877 

0 808 



S ... 

0758 

0 832 

0725 

■■ 



When milk is acted upon by an acid, or when it sours spontaneously, the 
casein lime compounds are split up and free casein is precipitated in the form of 
curd It appears as though the casein combines with stronger acids, in other 
words, behaves like a weak base Van Slyke and Hart describe a casein lactate 
which they found in sour milk, and similar acid casein compounds are said to arise 
by the action of organic or mineral acids. More recent work, however, throws 
doubt upon some of these acid casein compounds The curdling of milk by rennet 
may be regarded as taking place in two stages First the enzyme of rennet splits 
up the lime casein compounds into paracasein and whey albumin, and coagulation 
then follows if lime salts are present The paracasein forms the curd, the whey 
albumin remains in the whey 

There is thus a fundamental difference between the curd obtairibd when the 
milk is coagulated by rennet, and when this takes place under the influence of acids. 

The Albumin of milk was prepared by Sebelien in a pure state from whey 
by saturation with magnesium sulphate It is very similar to blood serum, but has 
a less specific rotation — ao— -37* as compared with -57’ to -64* for blood 
serum* 

Albumin is soluble in cold water, and coagulates at a temperature of 70**72* C. 

In Colostrum, the milk which is given immediately after calving and for several 
days following, a large percentage of the protein is albumin. Immediately after the 
birth of the calf the colostrum may contain as much as 16 per cent, of albumin, 
and this quantity diminishes until after about seventy-two hours the milk again 
reaches its normal composition. This is shown in a senes of analyses by Fugling 



Nmnber of Hours after Calving 

Ordinary 

Milk 


Immedt. 
ately After 

10 

Hours 

84 

Hours 

48 

Hours. 

7 * 

Hours. 

Water • • 

Casein - ... 

Albumin «... 
Glububn - . • . 1 

Fat 

Milk sugar .... 

Ash 

73 17 

2 65 

1656 

3*54 

300 

1.18 

78 77 

4 28 

9-32 

4.66 

I 42 

1 55 

8063 

4 50 
6.25 

4*75 

285 

1 02 

1 

85 81 
325 

2 3 * 

4.21 

346 

0 96 

8664 

3 33 
1.03 

4 08 

4 10 
a82 

87*75 

300 

050 

340 

4.60 

0.75 


As already mentioned, only traces of globulin are present in milk. 

Fat . — Attention has already been directed to the characteristic globules in 
which the fat of milk is found. The fat itself is of a pale yellow colour, and is 
characterised chemically by the glycerides of lower fatty acids which it contains. 
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and physically by its undercooled state. Upon the chemical properties are based 
many of the methods used m the analysis of butter. The undercooled condition 
of the fat is seen when cream is made into butter, for then the solid fat is j^btained 
The melting point of butter fat lies between 31* and 36® C. and the sp gr. is 0.93 
at 1 5* C., a fact which accounts for the rising of the fat globules when milk is left 
to stand. 

Milk Sugar is the only carbohydrate of importance in milk See pp 78^. 

Small quantities of other carbohydrates have from time to time been said to be present also, but 
their presence lacks confirmation. Milk sugar is a biose, it crystallises with i molecule water, and 
can easily be obtained from whey Milk sugar is not as sweet as cane sugar, nor is it so soluble m 
water ; 1 part dissolves in 6 parts cold water or 2 \ parts hot water. Milk sugar differs further from 
cane sugar in not being fermentable with ordinary yeast ; it can, however, undergo alcohohc fermenta- 
tion when a yeast such as that found in “ Kephir grams'* is used 

Milk sugar reduces Fehlmg's solution, o i gr of the su^r being equivalent to 1.48 c c of Fehlmg's 
solution. It IS also optically active, and fresh solutions ^ow multirotation See under Sugar 

Lactic Acid Fermentation — A very typical fermentation which milk sugar undergoes is the 
lactic acid fermentation. This is brought about by the specific lactic acid bacteria When the percent- 
age of lactic aad reaches a certain point, t e,, 0.75-0 8 per cent , the development of the bacteria 
ceases Before this point is reached the casein is coagulated and the milk, in ordinary language, 
IS sour. 

The Mineral Matter or Ash contains the salts left after ignition of the milk. 
As the process of ignition has caused the original milk salts to undergo changes it 
IS difficult to say exactly in what form the salts were originally present in the milk 
A comparison of the analysis of the ash of milk (by Schrodt and Hansen) and 
Soldner's arrangement of the salts of milk m the form m which he judges them to 


be present, will show the main characteristics. 

Ash of Milk (Schrodt and Hansen) 


KjO - - 25 42 


- 

0 11 

NjujO • • 10 94 

SO3 

• 

4 II 

CaO • • 21 45 


* 

24 II 

MgO • - 2 54 

Cl 

• 

14 60 

Milk Salts (Soldner). 
Sodium chloride .... 

10.62 per cent 

Potassium chloride - 


9 16 


Monopotassium phosphate 


12.77 

1 , 

Dipotassium phosphate 


9.22 

»» 

Potassium citrate 


5*47 

It 

Dimagnesium phosphate 


3*71 

*• 

Ms^nesium citrate 

• 

405 

»• 

Dicalcium phosphate - 

• 

7.42 

•» 

Tncalcium phosphate - 

• 

8.90 


Calcium citrate 


*3-55 

»} 

Lime combined with the casein 

• 

5 13 

ti 


The presence of citnc acid in milk was proved by Henkel, the quantity being about o lo-a 15 
per cent The sulphuric acid in the ash comes from the sulphur of the casein and other proteins. 

Analysis of Milk. —In the sample to be analysed, the fat globules must be evenly distributed 
through the liquid by vigorous mixing. If the cream has already separated the mixing may be 
bro^ht about by wrarmmg to 40^ C. and vigorous shaking. 

The thoroughly mixed sample, kept sweet if necessary by the addition of a little formalin or 
powdered bichromate, is subjected to the following tests : — 

X. The Specific Gravity is taken by means 01 a special hydrometer called a lactometer, or by a 
Westphal balance. Average sp. gr. =* 1.0315. 

2. The Dirt is estimated ny settling in a long narrow vessel, filtering and weighing ; or fay 
filtering through cotton wool and judging the amount of dirt from the appearance of the fiUet 
afterwards. 
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3. The Total Solids or Dry Matter determined by evaporating a known quantity of milk 
to dryness m a flat porcelain or platinum dish, often with the addition of washed and ignited sand 
or pumice stone The average weight of total sohdss 12.25 per cent 

If the speciflc gravity G and fat content F of a milk are known, the total solids are eiven bv 
the formula^ 

T =5 + ®F+ 14. 

4 5 

4. Fat — A great many analyses of milk are made for the fat alone , amongst the large number 
of methods used in the estimation of fat the following are to be recommended — 

(a) Adams* paper coil method, m which a known weight of milk is dried upon a strip of fat-free 
filter psmer, ana the paper, after diying, is extracted with ether m a Soxhlet apparatus. 

(d) Rose-Gottlieb method A mixture of ammonia and alcohol is used to dissolve the casein, 
and the fat is then shaken out with a mixture of ether and petroleum ether. Either the whole 
of the ether is evaporated and the fat weighed, or an aliquot portion of the ethereal solution is 
drawn off and evaporated 

(c) Gerber method This is a modification of the Babcock test It is accurate, and serves for 
separated milk if certain precautions are taken Sulphuric acid (sp ct. 1.82) is used to dissolve 
the casein, and to assist the separation of the fat amyl alcohol is added. On whirling the mixture 
of sulphunc acid, milk, and amyl alcohol in a specially constructed tube or butyrometer placed in 
a centrifuge, the fat separates out and can be read off on the scale placed upon the narrow part 
of the tube ii c c of milk, 10 c c of sulphunc acid, and i c.c of amyl alcohol are the quantities 
used The centrifuge must have a speed of 1,000 revolutions per minute, and this must be 
maintained for three or four minutes In cold weather it may be necessary to warm the butyrometer 
tube, otherwise the column of fat solidifies, and cannot be read accurately 

Instead of sulphuric acid and amyl alcohol, both of which are objectionable, a mixture of 
common salt, sodium hydrate, and Rochelle salt takes the place of the acid, and isobutyl alcohol 
IS used instead of amyl alcohol This Sal method, as it is called, is quite satisfactory, but as 
no heat is generated by the mixing of the reagents, the butjrrometer tube must always be warmed. 

5 It is only exceptionally that the protein, the milk sugar, and the mineral matter are estimated 
m milk The total protein can be determined by the usual Kjeldahl method, or more accurately by 
precipitation with copper hydrate (Ritthausen). Insoluble copper protein compounds are obtained, 
in which the nitrogen can be estimated 

6 Mtlk Sug^ar is estimated mvimetrically by weighing, either as CuO or Cu, the CugO 
precipitated on boiling with Fehlm^s solution The polariscope can also be used in the estimation 
of milk sugar, provided certain precautions are observed {Schetde, Mtlch Zettung^ 1901, 113). 

7 The Ash or Mineral Matter is extracted from the residue left after ignition About 25 g 
of milk are evaporated to dryness in a platinum dish, and then carefully ignited As it is almost 
impossible to bum away all the carbon without volatilising some of the alkaline chlorides, etc , the 
Ignited pass is extracted with water, filtered, and the residue well washed with warm water The 
filtrate contammg the milk salts is evaporated to dryness, gently ignited, and weighed Should 
the ash of milk weigh less than o 7 per cent , there would oe grounds for suspecting the addition 
of water 

The Adulteration of Milk. — The removal of fat from milk, or the addition 
to it of water or separated milk, are the two chief adulterations practised Further, 
milk to which the ‘‘ strippings ** have not been added may be regarded as adultera- 
tion, as IS also the mixing of Pasteurised milk with fresh milk 

In this country the Board of Agriculture regulations for the sale of milk fix the 
minimum limit for butter fat at 3 per cent , and the solids not fat at 8 5 per cent 
Milk that falls below these standards is regarded as not being genuine, and milk 
offered for sale and found to be below the above limits, renders the seller liable to 
a fine unless he can prove to the satisfaction of the authorities that the milk is 
genuine 

When the fat m genuine milk falls below 3 per cent, it may be due to various 
causes, the length of intervals between milbng, the season of the year, cold 
and wet weather, or insufficient food. 

The production of milk on a very large scale is not common in this country. The fiurms are 
usually relatively small, and the herds of cows vary from ten or twelve up to one hundred or more. 
The milk is usually sent to a large dairy company or to a milk dealer in one of the big towns. In 
the smaller towns the farmer often himself delivers the milk to his customers direct. In Ireland, 
where the population is smaller, milk is sent to a creamery, often one run on co-operative Imes, and 
there separated, the cream being used for butter, and the separated milk returned to the fanner as 
food for pigs. 

Milk deteriorates very quickly when the conditions under which it is obtained 
are not those of extreme cleanliness. Hence the producer must exercise continual 
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vi^;ilance, both dunng milking and in the cleaning of the vessels into which the 
milk is put. Apart from pathogenic bacteria, which may in certain circumstances 
find their way into the milk, there are always large numbers of bacteria which gain 
admittance. Even before^ the milk enters the bucket the milk has been con- 
taminated by micro-organisms, chiefly harmless lactic acid bacteria, which were 
lodged in the ducts of the teats Milk as secreted by the mammary glands is 
sterile. Once outside the body milk receives large numbers of bacteria from the 
air, from the body of the cow, and from the hands and clothing of the milker 
as a rule. In ordinary fresh milk the number of bacteria per cubic centimetre 
IS never likely to be less than 10,000, and may rise to five or even ten times 
this amount. 

It IS to be regretted that no measures are taken by health authorities to test 
milk for cle^lmess or for the bacterial content. In many cases the results would 
be astonishmg. With simpler and more rapid methods for estimating the dirt in 
milk and the degree of bacterial contamination, much will probably be done in the 
future. The reductase test, which is based upon the decolourisation of a solution 
of methylene blue, seems well adapted for rapidly givmg information as to the relative 
number of bacteria m a sample of milk All that is needed is a saturated alcoholic 
solution of methylene blue, s cc of which are diluted with 195 cc. of distilled 
water The milk (10 cc) is mixed with i cc of this diluted methylene blue 
solution, covered with a little paraffin oil, and left to stand at a temperature of 
4S***S®** C When decolourisation takes place at the end of an hour the milk is 
unfit for drinking , if the colour persists for periods between one and three hours 
the milk may be regarded as having a purity inversely proportional to the time 
required for decolourisation. A milk that retains its colour for more than three 
hours is satisfactory 

Given healthy ammals receiving good food and pure water the wholesomeness 
of the milk depends largely upon the care bestowed upon the cows, and upon the 
dairy utensils Another factor, of course, is the cooling of the milk immediately 
after milking, so that bacteria in the milk do not rapidly increase The grooming 
of the cows, the brushing and washing of the udder before milkmg, and the 
provision of a separate room for milking should receive careful attention The 
milker should have clean clothes and hands, and the practice of wetting the ’hands 
with milk before and dunng milkmg should be forbidden ; dry milking is a very 
important factor. The milk should at once be strained through an efficient 
strainer. The newer strainers, in which the milk first passes through a fine wire 
sieve and then through cotton wool which can afterwards be thrown away, or a 
bag of closely woven material which can be thoroughly washed and steamed 
after each milkmg, are usually very satisfactory. All vessels used for the reception 
of milk should first be washed with cold or lukewarm water, then with boiling 
water, or if a supply of steam is available they may be steamed with the live 
steam. If such precautions as the above are taken, and the cows are healthy 
and have been kept under sanitary conditions, and fed with wholesome food 
and pure water, the milk will be found to satisfy all reasonable requirements. It 
will keep well, and the producer will soon find that the extra care which he has 
taken will be repaid by the ready sale of the milk, oftener at a higher price than 
milk which deposits dirt on standing, and only keeps good for a relatively short 
time. 

Most of the milk produced is consumed as such. However, very large quantities 
are worked up for butter and cheese. 

We discuss the manufacture of these products in the next two sections. A very 
considerable amount of milk sugar is also extracted from milk, usually from the 
whey which is left over after making cheese. The manufacture of milk sugar ia 
described on page 78a. 
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BUTTER 

Butter«can be made from fresh or sour cream or from whole milL Generallji 
the cream is allowed to sour or ripen before bemg churned. This gives a larger 
yield of butter and the flavour is better The ripening of cream is accelerated by 
keeping it at a fairly warm temperature, 60**70* F., and usmg a starter. The startei 
may be a pure culture of some lactic acid bacteria, or a little sour milk or butter- 
milk. First pasteurismg the cream and then employing a pure starter is the best 
means of obtaining cream of the required npenes's, and butter made under these 
conditions is much more uniform m <^racter. 

The composition of butter accordmg to Storch is — 



From Fresh Cream 

From Ripened 
Cream 

Water- - ... 

Fat 

Protem .... 

Milk sugar 

Mineral substances • - * 

Salt .... 

13 03 per cent 

83 75 »» 

0 64 „ 

035 M 

0 14 

209 

13 78 per cent 

82 97 

084 „ 

039 .. 

0 16 ,, 

1 36 


It is thus seen that 83-84 per cent, of butter is fat and the rest is water with 
small quantities of protein, milk sugar, mineral matter, and 1-2 per cent of salt 
which has been added in the making 

The percentage of water in butter is liable to considerable variations, and may 
reach as much as 20 per cent In this country 16 per cent, is regarded as the 
maximum limit 

In the churning of cream the globules lose their spherical shape and collect in 
larger particles, which usually have a granular form. The evenness of grain of the 
butter after churning is of importance, and attention is paid by the maker to this 
point * Well ripened cream, churned at the proper temperature and not too long, 
gives butter of a good gram 

When the butter has been got into this granular state, it must be thoroughly 
washed to remove the buttermilk, which otherwise would cause the butter to rapidly 
become rancid The temperature at which this is done is also of importance 

When the butter has been washed as free from buttermilk as possible, it is 
salted, and for this purpose a pure salt is required. It should be free frona 
magnesium salts, otherwise it tends to become moist and then set in hard lumps, 
which prevents an even distribution of salt through the butter 

The manufacture of butter on a large scale is earned out m precisely the same 
manner as on a small scale, except that the chums and workers are run by 
machinery. 

In America, in Germany, and to a l^s extent m Ireland, machines which combme a chum and 
a iKitter worker have been introduced into butter factories, so that it is now possible to work, 
wash, and salt, the butter in the same vessel as that in which it was churned. The best known 
of these machines are the Astra and the Simplex Attempts have been made to combine a 
separator with the churn and butter worker, ana in Sweden at the present time several of these 
machines are m use. 

Pure butter varies considerably in appearance, colour, taste, and smell, accordmg 
to the breed of the cow, the food, the time of the year, and method of makmg. As 
has already be«i mentioned in speaking of milk, the fat which is present in the 
cream in an imdercooled state passes into the solid condition on being made into 
butter. Butter is characterised by the relatively high percentage of glycerides of 
the lower fatty acids. Other fats contain a much smaller quantity of these glycerides 
^ that a determination of the percentage of lower fatty acids serves as one of the 
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best methods for the detection of adulteration with some animal fat such as 
margarine. When the fatty acids are isolated from butter fat it is found that the 
following are present : — 


Butyric acid - 
Caproic „ - 
Caprylic „ - 
Capric „ - 
Launc „ - 


C4H8O2 (volatile) 

^6^12^2 »> 

^ 8 ^ 16^2 >» 
C20H20O2 ji 

C12H24O2 (non-volatile) 


Mynstic acid 
Palmitic „ 
Stearic „ 
Arachidic „ 
Oleic „ 


C14H29O2 (non-volatile) 

^ 10 ^ 82^2 » 

^ 18 ^ 80^2 » 

^20^40^2 M 

^ 18 ^ 84^2 » 


The proportions in which these acids are present in normal butter are subject to vanation, but 
it is generally found that the glycerides of the first four make up 8-9 per cent, of the total Almost 
certainly the glycerides are mixed, that is to say, the glycerin group is combined with different 
acid radicals, so that butter can hardly be regarded as a mixture of simple triglycerides. There 
IS difficulty in proving this, but Partheil and Velsen, who made an artificisd butter from the 
tnglycendes of fatty acids, in the proportion in which they are present in butter, found that 
It had a higher solidifying point than natural butter 

The specific gravity of pure butter fat at 100* is from o 865-0 868, the melting 
point vanes from 28°-34 7“ C , the solidifying point from 19**23* C 

Butter fat is insoluble in water, soluble in alcohol, and very soluble in ether, 
chloroform, benzine, petroleum ether, etc 

The usual analysis of butter is confined to the estimation of the water, the fat, and the salt, 
and the determination in the pure butter fat of the amounts of soluble fatty acids, insoluble fatty 
acids, the refractive index, and the iodine value 


Water — Samples having been taken from the bulk by means of a sampler like a cheese borer, 
they are put into a wide-mouthed stoppered bottle, which is then placed in warm water (40* C ) The 
fat, when melted, is shaken vigorously, and about 5 g are poured into a porcelain dish containing 
pieces of pumice stone The dish is then dried at 100° until the weight is constant, or very 
nearly so It is not advisable to dry the butter for longer than three hours, for the continued 
heating tends to change its composition 

A rapid method for the estimation of water is to simply heat the butter in a dish, stirring all the 
time with a glass rod When the butter ceases to froth and the casein has a brown colour, all 
the water has been driven off, and the dish is allowed to cool and is again weighed 

• 

Fat — The dried fat and pumice stone from the previous experiment is transferred to an 
extraction cartridge, which is then placed in a Soxhlet extractor The dish from which the 
butter and pumice have been scraped is washed out well with ether, which is poured over the 
cartridge, and the extraction is proceeded with in the ordinary way A layer of extracted cotton 
wool should be placed on the top of the cartridge to prevent fine particles of pumice stone from 
being earned over 

The Rose-Gottlieb method is also very useful for the estimation of the fat Weigh out 2 g 
of butter on fat-free paper, and place it in the Gottlieb tube, add warm water to make up to 
10 c c. (as for milk), then i c.c of ammonia, and 10 c c of 95 per cent alcohol Shake the 
whole well, cool the tube and shake out with ether and petroleum ether, as in the analysis 
of milk. 


Sait — This can be estimated by dissolving a known weight of butter in ethei, to which a little 
water has been added. The salt dissolves in the water, the fat in the ether, and the two can 
be separated with a separating funnel. The aqueous solution is then titrated with decinormal 
silver nitrate, neutral potassium chromate solution being used as the indicator 

Another method is to ignite the butter carefully in a small platinum dish, extract the sodium 
chloride from the ash with, water, and titrate as above. 

An examination of the butter fat is necessary to determine whether adulteration 
with some other fat has taken place. A pure sample of the fat is obtained by 
melting the butter at a temperature of 40**50* C., and filtering it through a dry 
filter. 

The refractive index is usually determined with a Wollny-Zeiss butter refracto- 
meter. Full details of how to use this instrument are supplied by the makers (Carl 
2 Leiss, Jena),^ and it will therefore suffice to note that at 25* C. natural butter fat 
has a refractive index of 49.5-54.0 divisions. At 40* C. the number of divisions on 
the same instrument is from 40.5 5-44.41 and fat in exceptional cases 47. 
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Margarine fat has a higher refractive index— 58.6-66 4 divisions at 25* C., and 
48-52 divisions at 40* C., so that it is possible to detect adulteration with margarine 
if considerable quantities have been used. The refractive index will hardly serve 
to detect '^mall quantities, for the figures obtained for genuine butter vary too much 
Another substance used in considerable quantities for adulteration of butter is 
cocoa-nut fat, and this has a refractive index of 33 5-35 5 at 40® C. 

There are several well-known chemical tests for the purity of butter fat of which the following 
■deserve notice 

1 The Reichert- Meissl Value (p 64) — Pure butter fat may have a Reichert-Meissl value 
as low as 20 or as high as 34, but it is seldom that genuine butter falls below 24 Marganne in 
which a very small quantity of these lower fatty acids is found has a Reichert-Meissl value of i or 
2, not more as a rule 

2 The Hehner Value (p 64) for genuine butter fat can vary from 85.5-91, the average value is 
87 5. In margarine the value is higher 

3. The Koettstorfer or Saponification Value (p 62) is very high for butter, lying between 
220 5 and 332 for butter fat This serves to detect adulteration with many fats whose saponification 
value IS much less 

4. The Iodine Value (p. 63) — The iodine value of pure butter fat lies between 25 7 and 49, 
and It IS particularly useful in detecting adulteration with cocoa-nut fat. 

The above are the chief tests employed in the chemical examination of butter fat. As margarine 
IS the most usual adulterant of butter, its peculiarities as compared with butter fat have been noticed 
See Margarine Manufacture^ pp 85-87 , also p 64 

Colouring of Butter 

Butter IS nowadays usually coloured, except perhaps during a few of the summer 
months. The public demand is for a bright yellow butter, so that if the article fails 
to have the desired colour the sale is prejudiced The materials used in the 
colounng of butter are generally harmless in their effect upon the consumer, and 
the practice is not prohibited by health authonties (see p. 87) 

In this country, Annatto, which is got from the fruits of the Btxa orellana tree, is usually 
employed The colounng matter after extraction is dissolved in some vegetable oil In this 
condition the annatto is easily incorporated with the butter, and an even yellow colour is obtained 
Too m&ch annatto gives a reddish unnatural colour to the butter, and this should be avoided 

Saffron, curcuma, extract of marigolds, juice of carrots, are all used as butter colours Latterly, 
some of the well-known yellow aniline dyes have been used for colounng butter, and whilst there 
IS no evidence that they are injurious to health in small quantities, it would doubtless be preferable 
to use one of the vegetable substances previously mentioned 

Test. — A veij complete scheme to be used in testing the colouring matter m butter has been 
drawn up by A R. Leeds [The Analyst^ 1887), and reference should be made to this paper if full 
directions for making the various tests are wanted 

Preservatives. — Certain preservative materials are used to increase the keepmg properties of 
butter These preservatives are as a rule similar to those used in preventing milk from turning sour 
Boracic acid and its salts are the usual preservatives, and once the fat of the butter has been removed, 
they can be tested for in the manner already described in the section dealing with milk. 


CHEESE 

In its simplest form cheese may be regarded as the solid portion of milk except 
the milk sugar It is true that a little milk sugar usually does get into the cheese, 
but the bulk is not retained. The casein, the fat, and the milk salts make up new 
cheese, and the nature and composition of the many different kinds of cheese 
indicate that much variety is possible. In milk the casein is present in a colloidal- 
iike form and is probably a lime-casein compound or compounds. The addition of 
an acid or of some specific enzyme like the one in rennet causes the casein to split 
up into paracasein (the curd) and whey. 

What changes actually during the coagulation of the casein is not well understood , although 
Hammersten’s explanation of the splitting up of the hme-calcium compound or compounds is, 
generally accepted, it is not easy to spve proof. The sounng of milk may then be regarded as a 
oleavage of the lime-casern compound witn the formation of curd and whey. 
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When rennet is used to curdle milk the curd differs considerably in physical 
properties from that obtained from milk which has either soured spontaneously or 
has been treated with an acid. 

The souring of milk which takes place ordinanly when it is kept is due to lactic \cid which 
forms as a result of the action of lactic acid bacteria upon the milk sugar. The lactic acid which 
thereby arises acts upon the lime-casem compounds, decomposing them and causing the precipitation 
of paracasein in the form of curd. The same effect is produced by the addition of a tew drops of 
a mineral acid to milk. 

Cheese is prepared to a small extent from the curd which is obtained when milk sours 
spontaneously, out it is never good, and cannot be got to ripen properly. 

The usual way of making cheese is to allow rennet to act upon milk. The class 
of cheese which results depends upon the temperature at which the renneting 
takes place, the acidity of the milk before the rennet is added, the quantity of 
rennet employed, and the subsequent handling of the curd. Every well-known 
variety of cheese is prepared according to a definite scheme, the above-mentioned 
factors being altered in different cases. Rennet contains an enzyme rennin, or 
chymosin, which brings about the decomposition of the casein of the milk into 
paracasein and whey albumin. The coagulum in this case differs in chemical and 
physical properties from the curd which is obtained when an acid acts upon milk 
The former contains lime salts, whereas the latter does not, owing to the acid 
having dissolved the lime. The rennet curd is also more elastic, and not sticky. 

Rennet can be bought in powder or fluid form. It is extracted from the lining of the stomach 
of the calf, in which it is found in considerable quantities Formerly the stomach was dried, and a 

C iece taken whenever cheese was being made. Now the commercial powders or liquids can be 
ought very cheaply, and they are more satisfactory, for it is possible to determine their strength, 
a circumstance which is of great help in the proper making of cheese 

Rennet powder and tablets are usually very active, although the actual amount of enzyme which 
they contain is very small. One part of rennet powder will often coagulate 250,000 or more parts 
of milk. The liquids are not so strong, i : 10,000 being about the average strength. 

In order that cheese of a regular quality may be obtained, it is usual to use a 
“starter” to ripen the milk before renneting This “starter,” which is similar to 
that used in ripening cream, is a pure culture of lactic acid, and controls the 
development of the micro-organisms, with the result that those which are present 
in the milk are prevented from developing by the activity of the lactic acid bacteria, 
which increase more rapidly. 

To ascertain when the milk is sufficiently npe for renneting it is usual to make a so called rennet 
test, which consists in taking a measured quantity of milk (say 4 oz., or about 140 c.c ) and adding 
to it a diluted rennet extract (| oz , or 5 c c.) The mixture is then stirred and the time taken for 
coagulation is noted in seconds For cheddar cheese the time is from 45-60 seconds When the 
milk coagulates more slowly than this it is an indication that the milk is not sufficiently ripe 

There are so many different kinds of cheese that particulars of their manufacture 
would necessitate more space than is available m this article, and reference should, 
therefore, be made to books which deal with cheese-making from the practical side 
To properly understand the chemical changes that take place in making cheese, 
the following is a brief descnption of the manufacture of Cheddar cheese 

Great care is exercised in getting pure milk, for it is impossible to make good cheese if the milk 
Is dirty. 

The night’s milk is run into a jacketed vat, the next morning the cream is skimmed off, mixed 
with the proper proportion of starter and then returned to the vat The fresh mornmg’s milk is 
then addM and the temperature is carefully regulated to about 85* F. After standing for some 
time the rennet test is made and if the milk is found to be of the desired acidity, the whole of it is 
renneted. The amount of rennet to be added depends upon its strength, but usually I oz. to 20 
gals, of milk is about right ; this represents as a rule .04 per cent, of rennet. After the milk has 
been stirred it is left to coagulate, wluch should take place m about three-quarters of an hour. The 
curd must then be tested (usually this is done with the finger), and if ready, it is cut with special 
knives so that the curd is left in small dice-hke pieces. The temperature of the vat is then mdually 
raised to about 102® F. and the contents stirred* This heating and stirring makes the cuid firmer, 
'so that the whey is expelled. A test is usually made to ascertain if the curd is sufficiently ripe. A 
small piece of curd, well pressed with the hand, is taken, placed against a hot iron and then with* 
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drawn. The card draws out into threads and the length of these threads enables the cheese-maker 
to decide whether the curd is sufficiently ripe for the purpose. The longer the thread, the nper the 
curd. 

If the npeness is judged to be satisfactory the whey is run off, and the curd transferred to coolers, 
where it “nAts” and forms a solid block, and acidity develops rapidly. The next operation is the 
grinding of the curd followed by salting, after which it is mcked into cheese moulds and put into 
me press. Considerable pressure (i-i J tons) has to be used before the cheese is taken from the press, 
but at first a pressure of J cwt. or less is needed. The subsequent removal of the cheese from the 
mould, the banding, etc., are technical operations which are employed before it is removed to the 
ripening room In this room the cheese undergoes many changes which are known collectively as 
“ npening ” 

The process of npening is a veiv important factor in cheese-making, for a freshly-made cheese is 
insipid and mdigestible During the process of ripening a lar^e proportion (38 per cent ) of the 

I idered soluble. The changes that take place during ripening are not well understood nor 
iaCisffietorily ekplained wlmt causes them. Without Question, both bacteria a^d enzymes 
the process, and the lactic aCid bacteria and others wnich flourish m an acid medium are 
ictors. The enzymes, * e , rennin and pepsin (both of which come from the rennet), must 
1 with, and, according to Babcock and Russell, a specific enzyme found in miUc, and called 
ilactose, also assists The chemical changes which take place dunng npening are very 
although as yet they remain unexplained in some cases, out the results are seen in the 
irought about in the casein. The casein, in fact, undergoes a considerable degree of change, 
of remaining as an elastic curd it becomes more and more plastic until ultimately it may 
^ largely converted into simpler nitrogenous compounds such as albumoses, peptones, and even 
relatively simple substances such as leucine, tyrosine, etc There are also present in well-npened 
theese a number of decomposition products such as alanine, glatamic, acid, lysine, putrescine, 
cadavenne, and ammonia 

The milk sugar present in small quantities in new cheese soon undergoes lactic acid fermentation, 
and the gas which is formed causes holes which are a characteristic feature of some kinds of cheese 

Soft Cheese. — In addition to the different varieties of hard pressed cheese there are a large 
number of types of soft cheese made either from whole milk or milk to which more or less cream 
has been added Some of these cheeses are eaten fresh, whilst others are allowed to ripen for 
three to six weeks. 

Colouring of Cheese — In some districts cheese is coloured more or less 
highly with annatto, which is used in aqueous solution, instead of dissolved m oil 
as in the case of butter 


Adulteration of Cheese — The direct adulteration of cheese may be said to 
be limited to the extraction of the butter fat from the milk before the cheese is 
made, and the substitution of some other and cheaper fat. Indirectly adulteration 
of cheese may be said to take place when some fat is removed from the milk, and 
the cheese is described and sold as having been made from whole milk 

Analysis of Cheese. — An average sample, taken with a cheese borer, is rapidly ground up in 
a mortar, and (i) the water estimated by drying first at ordinary temperatures in a vacuum 
desiccator over HaS04, then at loo"* for eight hours in the steam oven. Soft cheese is ground 
with sand before drying (2) The fat is esUmated by first drying with sand in a porcelain basin, 
and then extracting with ether for two hours in a Soxhlet apparatus. The method is not very 
satisfactory, and Weibull {Zeit fur Untersuch^ng der Nahr- und Genussmtttel^ 1909), and Siegfeld 
{Milch ZeUungt 1904) have devised more rapid and accurate methods, for details of which the 
originals should be consulted. 

(^) Protein. — In new cheese the casein has undergone httle change, but in one that has npened 
connderably a good deal of it has become converted into simpler nitrogenous compounds, some of 
which are soluble in water 

To dbtinguish between the soluble and the insoluble protein of a cheese a water extract is made, 
filtered, and the protein and basic decomposition products in the extract are precipitated by phospho- 
tunfi^c acid. The preapitate is collects, washed, and the nitrogen m it aetermmed by Kjeldahl’s 
memod. To find out bow much of this soluble nitrogen is present as basic decomposition compounds, 
a portion of the origuml filtered aqueous extract is disUlled with magnesia, and the ammonia 
estimated by passing it into standard add. 

The total water-soluble nitr(^[enous compounds are determined in a known quantity of the 
original filtered extract by evaporatmg it to dryness, and analysing by Kjeldahl’s method Thus 
the %ttres obtained in tnis last experiment, mmus the amount of nitrogen present as protein 
and imt present as ammoniacal compounds, represent the amide nitrogenous substances. 

means of estimating the amount of protein are also usm, eg,^ Rittbausenb coppet 
piedpitatkin method, but the a^ve is complete and satisfactory. 

total nitrogens matter^ soluble and insoluble, present in cheese can be estimated by 
determining the nitrogen present m a-3 g. the original substance 
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Adulteration. — Adulteration of cheese is almost entirely restricted to re- 
moval of fat. With modern emulsifying machines it is possible to substitute 
some cheaper fat for the valuable butter fat extracted from the milk from which 
the cheese was made. Margarine cheese is a product which has beeft made in 
this way (see p 87). 

To detect this form of adulteration, the fat of the cheese is isolated, and then examined as 
though It were butter A determination of the Reichert- Meissl value, the refractive index, and 
other tests employed in the detection of margarine m butter are used To obtain sufficient fiit 
for the purpose, the cheese is ground up with very dilute sulphunc acid, and the liquid afterwards 
whirled in the centrifuge j this serves to separate the fat, which is pipetted off and purified by 
melting and filtering through a dry filter paper 

Statistics — The quantities of butter and cheese imported into the United Kingdom are . — 



Against this there were in 1910 exported 9,000 cwt butter {value ;^56,ooo) and 8,000 cwt 
cheese {val%u ;£‘38,ooo) 

The corresponding figures for the United States are — 

Imported ir? 1910. 

Butter and butter substitutes - • 1,360,000 lbs (value, $298,000 

Cheese and cheese substitutes - 40,817,000 lbs (value, $7,053,000), 

Cream- • - 732,000 galls, (value, 578,000 


Exported in 1910 

Butter and butter substitutes - * - 3,140,000 lbs (value, $785,000. 

Cheese and cheese substitutes • • • 2,846,000 lbs ( „ $441, 00a 
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THE MANUFACTURE OF MILK SUGAR 
Bv Geoffrey Martin, Ph.D., D.Sc 
LITERATURE 

G. ZiRN — Mtlch Ziitungy 1895, 481, 497 The processes here described are still m use 

When milk is used for making cheese (see p 75 ) or casein (p 68 ), the whey which is 
left can be used for the manufacture of milk sugar The solid matter in whey can be taken as 
Milk sugar, 4.6-50 per cent , protein (chiefly albumin), 10; fat, o 3 , mineral substances, 06 
When whey is boiled the albumen coagulates, and if the boiling is continued nearly to dryness an 
impure variety of milk sugar is obtained This crude milk sugar, which is made m parts of 
Switzerland, and there known as ** Schottensick,** contains 85 per cent of milk sugar, 10 per cent 
of water, and nearly 5 per cent of mineral matter, along with small amounts of protein and fat 
When large quantities of whey are obtained, as in cheese or casein factories, the evaporation of the 
whey IS carried out in vacuum pans 

The whey must be worked as quickly as possible, otherwise fermentation may set in, the milk 
sugar being partially decomposed into lactic acid, which then inverts the milk sugar into lactose, 
thereby occasioning a serious loss The addition of a little sodium carbonate solution so as to 
neutralise most of the acid — care being taken to allow the liquid to remain very faintly acid — tends 
to prevent loss of milk sugar by inversion The addition of formalin (100 g to every 1,000 1 
of whey) also acts well, but is somewhat expensive 

Sour milk must be carefully neutralised before concentrating 

The evaporation takes place at 6o®-7o'' C m vacuum pans (best in double-effect pans m order to 
economise steam), the evaporation taking place in such a way that as the water boils away fresh 
whey is allowed to flow in continually at such a rate as to maintain the level of the liquid constant 
The liquid thus gradually concentrates to 30^-32* , when it contains 60 per cent of solid matter , 

It IS then run out into iron crystallising tanks of 700 1 capacity and allowed to cool In summer 
the cooling must be hastened by surrounding the tank with cold water or by immersing cooling coils 
in It The temperature must fall from 60* C to 20® C in twenty-four hours A coarse-gramed pasty 
mass of crude milk sugar crystals separates at this stage The mass is centrifliged (using same apparatus 
as IS employed in beet sugar manufacture, pp. 162-163) 100 parts of whey yield 3 6-4 3 per cent of 

crude yelloiv sugar ^ whum contains 88 per cent, milk sugar, 12 per cent, water, salts, proieids, etc 
Tnere passes away from the centnfugal machines about one-third of the original mass as a syrup 
•still containing much milk sugar, which is often extracted by passing m live steam to the liquid of 
density , this coagulates the albumen, which collects on the surface, and which is left behind 

as a cake when the syrup is run off, the cake is pressed between cloth, ground, mixed with nitrogen 
poor material, e g , potatoes, turnips, etc , and used as a food for pigs 

The syrup at 35^ (warm), thus freed from albumen, is once more run into the vacuum pans, 
concentrated, allowed to crystallise (after standing some days in wwell-cooled vessels), diluted with 
water, and centrifuged, when a further yield of 0307 per cent of crude milk sugar is obtained 
Total yield of crude milk sugar is about 4 35 per cent 

The liquid from this second crop of milk sugar is used as a manure It still contains some 
albumin and non crystallisable sugars, but it cannot be used for feeding pigs as it causes diarrhoea 
It has been worked for lactic acid and calcium phosphate 

Another way to obtain the crude milk sugar is to neutrahse, or nearly so, the acid of the whey 
with sodium or ammonium carbonate, then boil, when the coagulated albumen rises to the surface 
along with the fat, in the form of a porous scum This is skimmed off and the liquid can easily be 
evaporated in a vacuum pan* 

Punfication of the Milk Sugar — ^The crude yellow milk sugar, obtained as above 
described, is sometimes dried and sold as such More often it is sent to refineries and worked up 
into pure white milk sugar The crude milk sugar is dissolved at 50® C with stirring in a steam- 
headed copper boiler The solution contains 2427 per cent milk sugar (13-15* B6) Animal 
charcoal and 2, per cent of acetic acid is added (to precipitate albumen), the solution warmed 
nearly to the boiling point, some magnesium sulphate is added (to precipitate phosphoric acid), and 
the liquid is boiled for some minutes The liquid foams The temperature rises to 105® C A 
sediment collects at the bottom The liquid is pumped upwards (by a centrifugal pump) into a 
copper vessel covered with wood, and then allowed to flow downwards through filter presses 

The precipitate is nch in P and N and is a valuable manure The clear liquid, of a yellowish 
tint, is concentrated m vacuum apparatus to 35® B 4 (65 per cent sugar) Any foaming is stopped 
by adding a little flit and increasing the pressure 

Final^ the concentrated liquid is run into iron crystallising vessels, cooled, and the separated 
milk sugar is centnfuged The mother liquors are worked for further crops of su^ar The milk 
sugar thus obtained is further refined by dissolving in water (to 15® B^), heated to boiling, aluminium 
sulphate is added, the liquid is filter pressed, concentrated to 32® Bi, cooled in copper (not iron) 
crystallising vessels, centnfuged, and tne resulting white sugar is dried in rotating inclined cylinders, 
in a stream of hot air, cooled, ground, and packra for export 



INDUSTRIAL CHEMISTRY 


Milk sugiur is sometimes adulterated vnth other sugars and sometimes with mineral substances. 
The fomer are detected by the change in the rotatory power, particularly in what is termed the 
birotatiOn ratio, which is the initial rotation, that obtained immediately after the solution is made, 
divided by the rotation at the end of twenty-four hours. The increase m weight of die ash above 
the norm^ (0.035-0.05) denotes mineral adulteration. 

Milk sugar, dthough expensive, is often used in brewing, as it is not fermentable by ordinary 
yeast, and so remains in the finished product as unchanged carbohy^te, thereby mcreasmg the 
** extract*’ of the beer Also sold as a constituent for children*s food. 
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VI.— INDUSTRIAL CASEIN 

By G. Martin, Ph.D., D Sc. 

LITERATURE 

L. Myddelton Nash.— A rt. “Casein” in Thorpes DtcL Chem, {1912). 

R. Scherer —“Casein.” London, 1906. 

Geoffrey Martin. — “Industnal (>sein,” Chemical Worlds 1912 , 1 353. 

The chemical nature of casein, as well as its use m the production of cheese, 
has been discussed m the preceding article. 

Manufacture.— The machine-separated milk used for casein manufacture, containing 3 per cent, 
casein, o 4 per cent milk albumen, o 15 per cent fat, 4 7 per cent sugar, o 7 per cent minerals, 
must be as fat'free as possible Milk rich in colostrum (taken from cows soon after calving) 
IS unsuitable, as it yields soft curds which squeeze through filter cloths and hold much water 
Milk contaimng coagulated albumen (1 e , boiled or highly heated milk) also yields a curd 
difficult to work 

Industrial casern is usually precipitated by gradually running in the proper 
amount of dilute sulphuric aady with constant stirring, into the milk until it 
becomes clear yellow with separation of the curd^ which is drained, washed 
with cold HjO, pressed (or centnfuged), broken up and dried — best in a 
Passburg vacuum dner, but also on trays in hot air drying chambers or cylinders. 
Great care must be taken not to heat too strongly or the casein dries to a dark 
colour The dry casein is ground and packed for export. 

However, the curd may also be precipitated by AfC/, phosphoric aetdy lactic acid, acetu or citru 
acidf by rennet^ by self -souring ^ and by electrolysing milk at 120® F with N or C electrodes. 
In order to render the curd fat free awf white, the precipitated curd, after well washing and 
pressing, is sometimes stirred to a pulp with water (loo curd to 50 water), and then steamed for 
twenty five to thirty minutes m a wooden vat with about 150 parts of a i per cent solution of soda. 
This IS to remove lactic acid and butter fat After heating, the mass forms a thin milky fluid, 
which is transferred to a separate vessel to cool, and is then precipitated with dilute HNO3 The 
precipitated casein collects at the bottom, the supernatant liquor is run off, and the casein rinsed 
with water, settled, and water decanted, the washings being repeated until the wash waters are 
neutral The casein is then drained on filter cloths, pressed, and dned on trays in drying chambers 
at I20®-I40® F One hundred parts of curd yield 45 parts purified casein, free from lactic acid and 
butter fat 

Among other methods proposed for preparing industrial casein, the following may be 
mentioned . — 

1. The curd is precipitated from the skimmed milk with dilute 112804, the yellowish moduct 
redissolved in alkali (Sod bicarbonate), and reprecipitated with dilute acetic acid (German Patent, 

135*350) 

2. The casein is precipitated by leading SO2 gas into milk warmed at 50*-70® C The process 
is complete m a few minutes, the time taken being so short that there is no danger of inversion 
occurring (German Patent, 184,300) 

3 A fet-firec casein is obtained by mixing decreamed milk with alkali, warmmg, removing the 
fat by centnfuging, and then precipitating casein in the ordinary way with acid (German Patent, 
* 35 * 745 )* 

Uses. — Industnal casern is used (i) as a painting matenal; (2) as a mucilage 
and cement ; (3) in the preparation of plastic masses, forming substitutes for horn, 
celluloid, ivory, etc., and especially for galalith ” ; (4) as a dressing and colour- 
fixing medium in the paper and textile mdustnes; (6) as a food stuff; (7) for 

fining ” wine. This is cheaper and better than albumen. See p. 245 

Statistica. — In 1910 Breland imported casein of value jf54,ooa The export reached ;£2i,ooa 

The United States in 1910 imp^ed 3,769,000 lbs. of casein of value 1304,00a The chief 
firm in England is Casein, Ltd. ^ 

w^aseifl Glue — Casern can be converted into an 

excellent glue by stirru^itup w!m per cent, distilled water and per cent 
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sod. bicarbonate, standing for five to six hours, and adding an antiseptic to prevent 
mould. Sometimes shellac is added. The glue is now ready for use. Such 
glues can be applied cold. 

''Very often the casein is dissolved in borax, soda, or ammonia The applied c^in glue is 

r de insoluble by formaldehyde A waterproof glue is obtained by dissolving casein m lime. 

In the woodwork^ trades casein glues threaten to displace ordinary gelatine glues because 
casein glues can be applied cold (so that all the trouble of melting the glue is avoided), can be made 
waterproof, and by their use certain delicate effects are attainable in veneering work which are 
impossible with gelatme glue, since the latter must be applied hot, and is not waterproof. 

Casein as a Sizing Materiai.— Casein is widely used for sizing papier and 
similar materials (see Paper). 

/ It IS dissolved in alkaline solutions, and mixed into the paper pulp The process is 
especially useful when the paper pulp has to be moulded or pressed into relief forms ; as the 
casein size is very resistant to heat or moisture Extremely beautiful art papers are sized with 
casein, and some photographic papers are also casein sized, the papers being extremely resistant to 
heat and moisture, and thus keep well in the tropics The leather and textile industries also 
employ casein for “dressing” and “finishing” purposes The great advantage of casein over 
gelatine is that it is entirely precipitated by the subsequent addition of alum, whereas most of the 
gelatine is lost m the back water In the printing of materials a casein product containing silicic 
acid IS used instead of egg-albumen , it is prepared by dissolving the casein by heating with dilute 
NHg, adding sodium or potassium silicate, and adding phosphoric or acetic acid until the whole, 
which first solidifies, again becomes fluid (German Patent, 161,842) 

yCasein Water Paints —See under Paint s, p. 1 2 . 

Manufacture of Bone Substitutes from Casein.— Casein when mixed 
with formaldehyde gives an insoluble horn-like product, which is used as a bone, 
horn, and celluloid substitute. See under Celluloid substitutes and Galalitb, 

( Casein Food Stuffs (see Cheese, Milk Powders, and Guttmann’s 
^Nutrient Milk Flour) consist of casein mixed with carbohydrates, such as 
gluten-free oatmeal, and a small quantity of aromatic substances 

/ Viscm is a more recent similar food, containing lecithin and salts of glycero phosphonc aad 
Sanatogen is said to consist of 95 per cent casein and 5 per cent of sodium glycero-ohosphate ' 
Vi^ite powder, soluble in H2O, fat-free, lactose-free (see German Patents, 98,177, 1898, 99,092, 
1897 j 99>093» 1897 , 99,094» 1897 ; 152,380, IQ03 ; 152,450, 1903 ; 118,656, 1899 See also CAm 
Ztg y 18^, 371; 1900, 538, 718) Eulactol IS a white powder prepared by evaporating milk 
%n vacuo at 98® F. , it contains 33 25 per cent albumen, 46 3 per cent fat, 14 3 oer cent of 
carbohydrates, and 4.3 per cent, saline matter (see D R Patent, 98,441 , Cheme Ztg , 1899, 851) 

j Plasmon (casein) is an albuminoid preparation from milk, occurring as a yellowish white 
^wder containing 75-80 per cent albumin, 5-7 per cent Na2COj, 5-10 per cent fat and milk 
sugar— very assimilable (see German Patent, 100,977, 1898 Ckem Ztg y 1900, 538, 718 Chenu 
'^tntralblatty 1899, IL, 533, 1130; 1900, 1 , 677, 828) 

Or Riegei’s Milk Albumen is said to contain 86 per cent albumin, 8 2 per cent water, 0 31 
per cent fat, 17 4 per cent, mineral matter The curd is precipitated from the milk by ethyl 
sulphuric acid 

Eucasem is a casein ammomum compound, soluble in water (see Chem Ztg , Z899, 851 ; 
D.R. Patent, 84,682, 1895 » 108,053, 1897). 

Nutrose is a sodtum caseinate (see German Patents, 85,057, 1894, and 89,142) 

For Sanose see Ckem. Ztg , 1898, 686 ; 1899, 371 ; Chem Centralblatty 1899, I., 1294. 

For Casern foods, separated from milk by citric acid and containing calcium phosphates, see 
Gwman Patents, 115,958; 123,622, 1898; 137,000, 1901, 122,458, 1899. 

Vi-Caseitt, a soluble sodium caseinate, contains 76-78 per cent, proteins, is free from milk 
sugar (nearly), and so is used for diabetic patients. 

Acknowledgment— The author’^ best thanks are due to Mr L Myddeltm 
Nash for much valuable advice on this subject. 
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VII. -CONDENSED MILK AND MILK POWDERS 

Bv \V H biLPHtNS, ARCS 

The prime feature which characterises the operation of reducing milk to a 
smaller volume the necessity for minimising changes due to the action of heat, 
both on the various constituents of the milk and on their distribution in the 
product As regards the former, the most important, unless die heating is unduly 
prolonged, are the coagulation of the albumen which occurs at about 70“ C , the 
modification and resulting change in the colour and in the solubility of the casein, 


Fig. 21.— Vacuum Apparatus for the Manufacture of Condensed Milk. 

(Egrot, Pans ) 

and the caramehsation of the milk sugar Of the second class of changes, the 
separation of the fat, and the formation of large crystals ot milk sugar are most to 
be feared. 

Many of these tiansfoimations may be obviated either by arranging that the 
milk shall never be subjected to high temperatures, or by conducting the operation 
in such a manner that the milk is tieated at a high temperature foi a veiy short 
period of time 

The separation of the fat is due primarily to the increased tendency of the 
minute fat globules to run together when an emulsion, such as milk, is heated. 

7 
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One method of meeting this difficulty consists m reducing the size of the fat 
globules before the commencement ot the operation. This process is known as 
“hewnogenisation,” and consists in breaking up the globules by violent disruptive 
treatment, ordinarily effected by driving the milk under high pressure through 
minute onfices, or by forcing it at a high velocity against stationary surfaces. 

Alkaline bodies, such as bicarbonate of soda, are commonly added mainly to 
reduce the acidity of the milk and thus prevent rancidity, and also to obviate the 
loss of volatile fatty acids. These substances also act as emulsifying agents, and 
minimise the separation of the fat. 

The presence of crystals of milk sugar in condensed milk gives a gntty taste to 
the product, and can only be avoided by carefully watching the concentration. 

Condensed Milk. — In condensing milk it is usual to concentrate the milk in 
bulk in a vacuum pan at a temperature of about 40*-5o* C. Concentration at a low 
temperature has also been effected by using an air blast to aid in the evaporation 
of the water. Cane sugar is usually added, but unsweetened milks are also brought 
on to the market. The concentration may be carried much further when sugar 
has been added, the product consequently having better keeping qualities. 
Sweetened milks generally contain about 25 per cent, of water ; unsweetened milks 
about twice as much. 

The following table* gives the composition of some of the milks : — 



Condensed Whole Milk. 

Condensed 
Skim Milk. 

With Cane 
Sugar. 

Without Cane Sugar 


iimil 

Condensed to 
Quarter Bulk. 

Water 

2788 

76 70 

66 91 

27 43 

Fat --•••• 

9 62 

680 

9 75 

0 29 

Protein 

10 27 

5.89 

89s 

It 59 

Milk sugar 

14.20 

9-13 

12.50 

13.60 

Cane sugar 

36.06 



44.92 

Ash 

197 

1.48 

189 

2 27 


100 00 

100.00 

100.40 

10000 

Sp. gr. at 15* C. - 

1.29 

1 

I.094S 



Milk Powder. — All attempts to dry milk by processes such as those used in 
condensing milk, and involving the treatment of the milk in bulk for a considerable 
period of time, have resulted in a product of very infenor quality In the processes 
now in use the milk is treated in the form of films or spray for a relatively short time. 

The film apparatus in common use comprises a rotating cylinder, on which a 
thiii layer of milk is evaporated to dryness in the course of a single revolution. 
In Ekenberg’s process the temperature is low and the operation is effected in vacuo 
Kunick t also uses a low temperature, but facilitates the evaporation by means of a 
current of air. The Just-Hatmaker J process is probably the most interesting and 
successful of this type. A temperature in excess of loo* C is maintained on the 
surface of the cylinder, and the milk is in consequence reduced to dryness so 
rapidly that injurious changes are inhibited. The time during which the milk 
is exposed on the surface of the cylinder is never more than 2 J seconds, and may 
be as low as \ second. 

The apparatus used is known as a “twin-cylinder^' drying machine, and is 
shown in Fig. 22. It is composed of two cylinders a, placed side by side and 
slightly separated from each other. The milk is fed continuously to a trough 


* From Kirchner’s “ Milchwirtechaft,” p. 599 (sth edition, 1907). 
t English Pats., 5,189, 1906; 1,^2, 1907. 
t Eng. Pats., 21,617, 1902 ; 8,743, *903. 

















A CONDENSED MILK INSTALLATION 
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Fig. 22 — Twin Cylinder Drying Machine for Milk Powders. 


constituted by the upper parts of the cylinders and suitable end walls, is carried 
round as a film on the surfaces of the cylinders, and is removed in the dry state 
by scraper c. The cylinders are heated internally by means of steam of 40 lbs. 
pressure In consequence of the temperature used, this process has the additional 
advantage of providing a sterile product 

The spray evaporators are constructed in the form of chambers, to which are 
admitted a fine spray of milk in close proximity to a current of warm air. The 
spray is almost instantly transformed to a dry powder, and is carried by the air 
current to depositing or filtering chambers In some cases the spraying devices 
are so constructed as to homogenise the milk In a recent process of Ekenberg’s, * 
carbonic acid gas is used as a drying agent in order to impart keeping qualities to 
the product. It need scarcely be said that m all processes where air is used, it 
should be previously washed and filtered and, preferably, sterilised 

Milk powders as a rule contain from 4-7 per cent, of moisture, a proportion of 
this teing combined with the milk sugar as water of crystallisation. 

The following table f gives the composition of some of these milk powders, along 
with that of the milk from which they were produced — 



I 

Whole 

Milk 

II 

Resulting 

Powder 

III 

Theory 

IV 

Skim 

Milk 

V 

Resulting 

Powder 

VI 

Theory 

Water 

87 8 

5 16 

5 00 

91 os 

3 55 

500 

Fat - - - . 

34 

26 22 

26 48 

0 15 

2 55 

I 59 

Proteid 

34 

25 47 

26 48 

340 

35 45 

3609 

Milk Sugar- 
Cane sugar 

47 

33 93 

I 20 

3659 

4 70 

45 60 

2 80 

4989 

Ash - - - - 

07 

6 22 

5 45 

0 70 

7 89 

7 43 

I'otal - 

100 00 

98 20 

100 00 

100 00 

97 84 

100 00 


Columns III. and VI. are calculated on the supposition that no loss of cream or fat occurs on 
drying the milk. The close agreement of the numbers so obtained (columns III and VI ) with 
those actually found by analysis of the dried powder (columns II and V ) show that practically no 
loss of cream, fat, or protein occurs m the condensing process 


* Eng. Pat , 16, 375 , 1909 

t Kirchner, ** Milch wirtschaft,” 5th edition, p. 603. 






84 


mDUSTRIAL CHEMISTRY 


Stutittict.— The foUovring fignies show the valne of the English import and export 


Import. 


1 

1906 

1910 

/ 

Value in 1910. 

Condensed milk, sweetened - 
„ unsweetened 

Milk powder, not sweetened - 
Nestles milk food - 

Cwt 

10,600 

2,300 

Cwt 

942,900 

66,700 

20,400 

1,700 

;^i, 640 ,ooo 

113,000 

30,800 

13,700 

Export. 


1906 

1910 

Value in 1910. 

Condensed milk, sweetened - 
„ unsweetened 

Milk powder .... 

Cwt 

310,000 

14,000 

24 

Cwt 

423*000 

16,000 

aSs 

;^886,ooo 

38,000 

1,076 


The United States in 1910 exported 13,311,000 lbs of condensed milk (value, $1,023,000). 

Analysis — ^The methods adopted are as a rule those applied to ordinary milk, condensed milk 
bciM diluted for analysis, milk powders being as a rule examined in the dry state 

ine only method of special interest is that for the estimation of milk and cane sugars The 
proteins are first precipitated, and a portion of the milk boiled with Fehlmgfs solution A further 
portion IS then inverts with hydrochloric acid, and the product also boiled with Fehlmg^s solution. 

Approximate methods, depending on the altered relationship of sugar to easily determined 
oonsotuents, ash, are used for manufacture purposes. 
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VIIL—MARGARINE MANUFACTURE 

By G. Martin, Ph.D, D.Sc. 

LITERATURE 

Most of the facts in the accompanying article were supphed privately by firms interested in 
the manufacture of marganne. Much of the published literature is very poor, and 
often describes methods m vogue over twenty years ago and now abandoned. 

G. Hbftbr. — “ Technologic der Fctte u. Ole,” vol iii. Berhn, 1910. Gives the best 
account. 

Lewkowitsch.*— ** Oils, Fats, and Waxes,” vol 111. (1901 edition). 

Dr K. WiNDiscH — “ Margannekase.” Berlin, 1898. 

‘‘Die Marganne-Fabnkation,” von Th Buddinger. Separat-Abdruck aus dem Organ 
fdr den Oel- und Fet^andel. 2nd Edition “Verlag N Bessehch.” Pp. 16. 
Tner, 1910. 


ARTIFICIAL BUTTER, MARGARINE 

Butter fat is a mixture of the glycerides (both simple triglycendes and mixed 
glycerides) of acetic, butyric, caproic, caprylic, launc, mynstic, palmitic, steanc, 
arachidic, and oleic acids. It also contains small amounts of cholesterol and 
natural colouring matters (lactochromes). The average proportions of the acids 
are as follows • Stearic acid, o 49 per cent. , palmitic acid, 18.23 per cent. ; mynstic 
acid, 11.08 per cent. , launc acid, 16.4 per cent. ; oleic acid, 36.1 per cent. ; caproic, 
caprylic, and capnc acids, 3 23 per cent. ; butync acid, 6.13 per cent . ; glycerol, 12.5 
per cent. Cow butter consists of fat, 83-91 per cent.; water, 7.S“i3«75 per cent.; 
casein, 0.5 per cent. ; milk sugar, o 3 per cent. , ash, o 3 per cent. ; salt, 1*2 
per cent. 

Since glycendes of the same fatty acids are present m varying amounts in many 
other fats and fatty oils, the problem which confronts the margarine manufacture! 
is the blending together of these fats so as to produce a substance having the same 
chemical composition as butter. Chemically this could be done by separating pure 
glycerides from the various fats (making them artificially if necessary) and then 
blending them together in the exact proportions in which they occur in butter fat. 
On the large scale this operation is quite impracticable on account of cost, so that 
the art of the marganne manufacturer consists m utilising the fats ready to hand, 
and blending them together in such proportions as most closely simulates the 
natural product. This has been so successfully achieved that many of the 
margarines now on the market resemble butter so closely in physical and chemical 
properties that the analyst has often very great difficulty m deciding whether a 
sample consists of true or artificial butter. There can be little doubt that ultimately 
a margarine will be produced having almost exactly the same constituents as natural 
butter, and therefore indistinguishable from it either by chemical tests or natural 
flavour. 


Manufacture of Margarine 

The following ingredients are used in various percent^es according to the 
quality of the margarine it is desired to produce ; oleo oil, neutral lard, cocoa-nut 
oil, earth-nut oil, sesam^ oil, and cotton-seed oil. The refining of oils has become 
,so perfect of late, through the application of the so-called American ** Wesson 
[Process,*’ that the oils used are now absolutely flavourless and neutral. About 50 
per cent, of carefully soured cream or milk is churned through the above-named 
fats, and thes<^ being quite tasteless, adopt the milky and buttery flavour of the 
soured cream. To the highest grades up to ro per cent 0i pure buttar &t (the 



96 


INDUSTRIAL CHEMISTRY 


highest percentage allowed by law) is still added, which brings the quality so near 
the real article that even experts often cannot detect any difference. 

All countries nowadays make about the same blends. Generally speaking, one 
can say that higher grades contain about lo per cent, of oil, 70 per centfof oleo 
oil, and 20 per cent, of cocoa-nut oil, whilst lower grades contain up to half oil and 
half animal fats. 


Process of Manufacture. — ^The milk, after a searching bacteriological and 
qualitative examination, is passed through the separators where the cream is separated 
from the milk. The cream is either churned into butter, or, what is usually more 
profitable, sold as cream The separated milk is at once pasteurised (/>., heated 
to a temperature a little below its boiling point in order to destroy bacteria) 
and immediately cooled to nearly freezing point, remaining at this temperature 
until required for the “souring tanks,” when it is again warmed to a moderate 
temperature suitable for the souring culture which is then added. The sounng 
culture is prepared in the bacteriological laboratory in the most careful manner, 
since fhe buttery flavour of the whole yield of margarine is dependent upon this 
The milk is then allowed to “ ripen ” in a series of great open tanks, in which the 
milk is gently worked to and fro during the process , the floor is of concrete, and 
clean water is kept flowing over it, while the walls of the room are of glazed white 
ware, so that at this stage the danger of introducing foreign bacteria is minimised 

The milk thus prepared is now mixed in suitable quantities with the above- 
mentioned animal and vegetable oils in suitable proportions, and the mixture is 
thoroughly churned for not more than one hour in a suitable machine. The 
temperatures vary from 2o*-45* C. The higher the quality the lower the churning 
temperature, the object being to retain as much as possible of the delicate milk 
flavour, which a high temperature largely destroys. In this way the product gets 
the characteristic smell and taste of butter. 

f Then, the property of butter to brown and froth being due to casein and milk- 
sugar, suitable proportions of these, or sometimes also of “ Elaine,” extracted from 
yoke of eggs, are added to high grade margarines 

In the churning machines the ingredients are thoroughly beaten into an emulsion 
or cream, the mixture being pulverised into single globules such as butter fat forms 
in milk, the process being regulated if necessary by means of steam or ice water 
sent through the steam jacket with which the churn is provided The mass is then 
run out into large wooden tanks (sometimes coated with marble slabs, cleanliness 
being everywhere of the utmost importance). While running out in a thin stream 
from the churns the fluid margarine is met by a high-pressure jet of cold water, 
which pulverises the maxgarine, so that the disintegrated globules after solidifying 
resemble butter granules very closely. 

This method of chilhng the margarine has always been a source of dissatisfaction to the manu- 
facturer, as it IS impossible to perfectly control it, and even under the most favourable circumstances 
It did not give the oest results for the following reasons : — 

1. The milk serum in the emulsion is partly replaced by water. 

2. Part of the souring culture is washed out, tms resulting in an irregular and insufficient develop- 
ment of the souring ferment during the subsequent operations. 

3. The chilUng not being carr^ out at a sufficiently low temperature, the finished margarine is 
always of a softer and more greasy texture than butter. 

To remedy these defects i^rocess has recently been patented by Mr E. Schou which does 
away with the water coolii^. Tne emulsion as it leaves the chum is spread out into very thin layers 
of about one-fiftieth of an mch in thickness on two large drums, revolving at the same speed but in 
opposite directions. These drums are cooled down by means of reftigerated brine to a temperature 
of about - 10* C., so that the very thin layers of emulsion immediate^ crystallise on the drums, and 
whtU r$taimng^ the whole of the milk serum^ are scraped off in thm flakes, and treated as 
subsequently described. The advantages of this method are very great, vis, 

1. The whole of the milk serum and souring culture being retained, a perfect control of the 
flavour of the margarine is secured. 

2. Through the more effective coolii^, the texture of the margarine becomes firm and at the same 
time pliable, and both to the naked eye and under the microsoope it is hardly to be distinguished 
bom nutter. 



MARGARINE CHEESE 


97 

Th« |»rooess has been worked for some time by one of the largest firms of niargarine manufim> 
tfirers in this country with such success that the b^t qualities of margarme thus prepar^ are equal, 
if not superior, to the best qualities of pure butter. 

The st)lidified margarine is now removed in wooden waggons to the fermenting 
rooms, where the excess of water is allowed to drain off, and the souring culture m 
the milk allowed to develop and flavour the whole mass of margarine. After 
“ripening^' for a sufficient time, the mass is transferred to large kneading machines 
in order to squeeze out the excess of water and obtain a homogeneous mass. Salt 
may here be kneaded in to taste, together with colouring matter to produce the fine 
yellow colour characteristic of butter. Many colouring substances are sold (some 
even being aniline dyes). 

Two harmless colouring mixtures much used are these 

(a) Orlean, 8o parts ; curcuma root (turmeric), 80*; olive oil, 240 by weight ; Saffron, i part mixed 
with alcohol, 5ixuts by weight Macerate the orlean and turmeric with olive oil, express, make up 
the weight of the filtered liquid to 240 parts by weight with ohve oil ; then add the filtered saftoti* 
alcohol extract, stir, and expel the alcohol by heating the mixture 

{d) Moisten 30 parts of finely powdered alum wim 3 parts of turmeric extract, spread out and dry 
the powder in a warm place ; tnen pulverise finely, and store, protecting the product from the light. 
A pmch of the powder added to a cnurnful of milk or cream before the churning imparts a beautiful 
golden colour. The turmeric extract is made by adding i part powdered turmeric to 5 parts alcohol, 
and maceratmg together for about a week ; then filtering After the kneading the margarme is 
moulded into lumps, pats, etc., ready for the market. 

As a food margarme is little (if at all) inferior to butter, and being prepared from 
the freshest and purest matenals, is usually cleaner than butter as prepared in the 
dairy. 

Distinctive Tests between Butter and Margarine (see also pp 64, 75).— i. The Reichert- 
Meissl value (see under Fat Analysis) for butter is very large (ao-33 cm.) That of most fats 
range from 0.5-1 5 cm (cocoa oil, 7-8). Maiganne makers now often add glycendes of volatile 
acids, so as to obtam the same number as with true butter 

2 The saponification value of butter is high (221-233), that of other fats low. The addition 
of cocoa-nut oil to the margarine raises its saponification value to that of butter 

3. The refractive index of butter is i 4590-1 4620 at 25* C (butyro-refractometer scales, 49 5-54). 
That of margarme is 1.4650-1 4700 ($8 6-66 4 butyro-refractometer divisions) Cocoa-nut oil lowers 
the refractive index of margarine to that of butter 

4. True butter fat contains less than i per cent of stearic acid Most margarines contain 
10-20 per cent., and even more. For other tests see under Butter 

S H. Blichfeldt {/our, Soc Chem, Industry^ 15th July 1910, p 792, vol, xxix.) has devised 
a process for the estimation of butter and cocoa-nut fat m margasine 

The &t is saponified by a mixture of aqueous potash and glvcerol, and the latty acids are 
liberated by acidification with sulphuric acid. The resulting mixture is distilled in a specially 
designed apparatus, made by Becker, London 

The distillate is treated with an excess of decinormal soda solution and transferred to a 200 c c 
measunng fiask. The total volatile acids are determined by titrating back with decinormal sulphuric 
acid Tne neutral soap solution is now treated with excess of decinormal silver nitrate solution, 
and 10 per cent, of solid sodium nitrate is dissolved in the liquid m order to salt out all the spanngly 
soluble silver salts. After making up to 200 c c. , the precipitated silver salts are filtered off, and 
the excess of silver mtrate is determined volumetncally m the filtrate. The volatile fatty acids are 
thus determined as soluble and insoluble silver salts 

The ratios of soluble to insoluble silver salts, derived from butter and cocoa-nut fats respectively, 
differ considerably from one another, and afford already means of determining these sutetances in 
presence of one another. 

Suet substitutes consist of a mixture of suet (tallow) and cotton-seed oil 
or cotton-seed stearin 

Lard substitutes are mixtures of lard or “ lard stearine ” (p. 26), with cotton- 
seed stearine, maize oil, cocoa-nut oil, and other similar oils. In Germany such 
substitutes are heated with onions and condiments, and sold as cooking fat 
{bratenfett)* 

Margarine Cheese is made from milk from whiclu the cream has been 
removed, and to which margarine fat has been added. Otherwise the operation 
is just like cheese-making m the ordinary way (see under Cheese). In 1910 
about 1,600 cwt (value^ were imported into Great Britain. 
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Statiitics.— 'The amount of marffarine imported into the United Kingdom is given hf the 
following figoies 



1906. 

1910 

Value in 1910. 

Margarine - - - . 

„ cheese 

Imitation lard - 

Cwt. 

1,101,900 

1,200 

231,000 

Cwt, 

1,120,800 

1, 600 
275,000 

;^a,90o,ooo 

2,500 

600,000 


Exported was 7,000 cwt. (value ;£‘i7,ooo), in 1910, of margarine; and 2,700 cwt (value 
;£'6,6oo) of imitation lard. 

The United States in 1910 exported 74,556,000 lbs. of lard substitutes (value, 16,887,000), and 
3,418,000 lbs. of oleo-marganne or imitation butter (value, $350,000). 

The author thanks Mr Paul Arup for much information regarding the modern 
raw materials used in the manufacture of margarme. 
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IX.— MANUFACTURE OF FATTY ACIDS AND 
CANDLES, INCLUDING HYDROGENATION OF 
FATS 

By G. Martin, Ph.D., D.Sc. 
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Candles are commonly composed of free fatty acids such as stearic and 
palmitic adds. Hydrocarbons such as paraffin wax or ceresin are now very 
largely used, either alone or (more usually) mixed with fatty acids. Certain waxes, 
such as beeswax, carnauba wax, spermaceti, etc , are employed in making some of 
the more expensive sorts of candles, while ordinary tallow enters into the composi- 
tion of some of the infenor qualities. 

Obviously good candle material must burn without smoke or smell, must not 
soften and bend under usual conditions of temperature, and when melted, must 
/orm a fluid which can be readily drawn up by the wick. Tallow is soft and bums 
with a foul smoky flame, and so is only used for the cheaper kinds of candles. 
Some ot these objections apply to inferior sorts of paraffin. 


Preparation of Fatty Acids for Candle-Making (also for Soap^ 
makers). — The fats are saponified by several processes : — 

Saponification by Lime (de Milly*s Process). — Some 6,500-7,500 lbs. of 
fat are placed in a copper digester and 1-3 per cent, of lime (or magnesia) and 
a little water is added. ^ Saturated high-pressure steam is then turned on, and 
the whole is heated for six to eight hours with steam at a pressure of 8-10 atmo- 
spheres. Under these circumstances a temperature of over 176* C. prevails within 
the digester, and the fat is almost completely hydrolysed into glycerol and fatty 
acids as follows : — 


C,He(O.Cq.Cx,H»), 

* Trist«arla, 

890 parts. 


3H8O « CjHjCOH), + 3 Ci.,HttCOOH 
Water. Glycerol, Steanc aad, 

9s parts. 653 parts. 


At the Mune time the lime present is turned into an insoluble calcium salt, thus 

2 C,H.( 0 H), + 3 (&,H«,.C 0 . 0 )A 

Glyosrin OUaum stearate 

(Insol. lime soapX 


•CsHafO CO.CiyH*), + sCalOH)* 
Tristearin. Lime 


A modem digester consists of a craper boiler (iron discolours the fatty adds) 
5-6 ft. in diameter and 18-30 ft. high (Fig. 23). The contents are agitated either by 
paddles or rotating spiral screws. 


* Seperbeated water alone at a temperature of over 200* C. (15-20 atmospheres pressure) is 
capaHe of ilmoet comdetely hytolysxng hits. The presence of lime, however, allows the tempm- 

lure aad pressure requ&ed for saponm^don to be greatly reduced. 
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The glycerol collects in the water underneath the oily layer of fatty acids 
From time to time a sample of fat is withdrawn and analysed, and when the 
process of saponification is thus found complete enough, the mass istallowed to 
stand until the separation into two layers — fatty acids above and glycerin (‘‘sweet’') 
water below — is complete The two layers are then pumped off into separate vessels* 
The fatty layer is now boiled up with steam, and sufficient sulphuric acid added 
to decompose the lime soap contained in the fatty acids, thus — 



(Ci 7H8,CO 0)2Ca + II0SO4 = 
Calcium stearate Sulphuric 
acid 

CaSOj + 2 Ci,IIj5COOH 
Calcium Stearic acid 

sulphate. 


On Standing, the calcium sulphate sepa- 
rates as a sludge at the bottom of the watery 
layer, while the fatty acid forms an oily layer 
above the two layers are separated 

The further treatment of the fatty acids 
depends upon the quality of the fat used for 
saponification 

If the best tallow or fatty oils have been 
emplo>ed, the fatty acids thus obtained may 
be white enough for direct pressing and con- 
version into candles as described below, while 
the glycerin water may be worked up for 
good quality glycerol as described under 
Glycerol 

Usually, however, the best sorts of tallow 
are used for edible purposes, and the candle 
or soap maker works with inferior dark 
coloured fats, which yield fatty acids tgo dark 
for direct use in candle-making Con 

sequently, the fatty acids so obtained are 
either distilled with steam, as described 
below, or else the neutral fats are treated 
with concentrated sulphuric acid (acid 
saponification) in a manner we will now 
describe 

Saponification of Fats by Means 
of Sulphuric Acid — This process is 
usually used for inferior fats obtained from 
garbage, putrid bones, etc The fatty acids 
from the lime saponification process (from 
which the glycerin has already been extracted) 
are often subjected to this process m order 
Fig. 23 —Copper Digester for the Manu- to slightly increase the yield of candle 
facture of Fatty AcicU by de M lily’s Pi ocess niatenal. Since the sulphuric acid turns the 
( ost A Co , resf en ) oxystearic acid, a hard 

white solid capable of being utilised in 
candle-making, thus, wffiile the lime saponification process alone yields 45-47 per 
cent of solid fatty acids, the acid saponification process yields 55-63 per cent , 
with a slightly lower melting point 

The process is carried out as follows (Fig 24) The dark coloured fat is 
melted m an iron tank by means of a closed steam coil, and heated until most 
of the water present is expelled Next, the melted fat is forced by means of 
the pump B into a copper boiler c, and 3 6 per cent of concentrated sulphuric 
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Plant for acid process of fat saponification 


Fig. 24. 


acid of sp gr i 83 run m from the lead-lined tank d The whole is heated for 
ff^e to SIX hours at 130® C by means of a closed copper coil, through which 
superheated steam from the superheater d is passed The sulphurous fumes 
arising from the action of the acid on the fat are pumped away through ee by 
means of a water jet contained in the vertical pipe, which discharges into f 
A complicated action ensues , the hot, strong acid attacks the fat, thus — 

C3H«(0.C0 Ci,H3,)3 + H2SO4 + 3H3O = 3Cx^H35COOH + 

SOyOH. 

Tristeann Sulphuric W’^ater Steaiic acid Glycerj I sulphate, 

acid 

The hot water at the high temperature employed also saponifies the fat into 
glycerol and free fatty acid, so that instead of the theoretical 1 1 per cent sulphuric 
acid required according to the above equation, in practice only some 3-4 per cent, 
are necessary The fats blacken considerably owing to the destruction of tissues 
and membranes present by the concentrated sulphuric acid. At the temperatures 
employed the fatty acids themselves are scarcely affected. If, however, the tempera- 
ture IS allowed to 'rise too much, the sulphuric acid finally attacks them, con- 
verting them into sulphomc acids. Some of the glycerol is destroyed. Part 
of the oleic acid present is converted into an unstable sulphomc aqid, thus : * — 

XOOH 

CnHsaCOOH + HaS04 « 

SOaOII 

Oleic acid Sulphuric Sulphonated stearic 

acid aad 

* Accordmg to Lewkowitsch {Joum. Soc Chem Indy 1897, 392) sulpho-hydroxysteanc acid 
is fbmed 
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The subsequent boiling with water decomposes this sulphonic acid into oxystearic 
acid, thus 

XOOH /COOH 

C«H»4< + HaO = C„H„<( + HjS 04 

ND.SOgOH ^OH 

Oxystearic acid 

And this, in the subsequent distillation of the fatty acids, is partialty converted 
into a solid isomeride of oleic acid, called iso-oleic acid, C17HJ3COOH, M.P. 
44* C. There are also formed at the same time lactones and hydrocarbons of 
unknown constitution. The net result of the operation is an increase m the 
amount of solid matter capable of being used for candle matenal. 

The action being completed, the tarry matter at the bottom of the boiler is run 
olf, and the fatty acids boiled with water in a series of lead-lined tanks (o, o, g), the 
heating being effected by open steam coils contained in them. Finally, the fatty 
acids, nqw washed free from sulphuric acid, are pumped up into the storage tank a, 
from whence they are run into the steam still for a final purification by distillation, 
as described below (p. 93). 

Formerly no attempts were made to recover the glycerol, and statements are even now published 
in standard works stating that the glycerol is almost completely destroyed. Glycerol, however, is 
too valuable a product to throw away, and it is now extracted with little loss from the acid and 
aqueous liquors run off from the fatty acids (see under Glycerol). 

Twitchell’s Process of Saponification.^ — When concentrated sulphuric 
acid IS allowed to act on a mixture of benzene and oleic acid at a temperature 
below 30® C., the following action takes place . — 

CeHe + C18H34O2 + = C6H4(HS08)(Ci8H8,02) + HgO. 

Benzene. Oleic aad Sulphuric Sulpbo benzene stearic acid Water, 
acid 

The sulpho-benzene-stearic acid may be separated by washing the viscous oil thus 
produced with water. In place of benzene we may employ naphthalene or phenol 
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and obtain similar compounds, naphthalene yielding, for example, sulphprnaphthalene- 
stearic acid, CioHe(HSOj)Ci8H,50j^, ^ 

This new series of fatty-aromatic acids has the remarkable property of readily 
hydrolysing fats into glycerol and fatty acids when boiled with them. The fat, 
previously purified by boiling with dilute sulphuric acid in a lead-lined wooden 
tank A, IS pumped into a lead-lined wooden tank b, provided with a closely fitting 
cover, about one-third of its weight of distilled water from d is run in, and 0.5-1 
per cent, of the sulpho-benzene-stearic acid (or similar body) added. Live steam 
IS then driven through the liquid by means of the open coil c, and the boilmg 
continued for twelve to twenty-four hours, when the saponification will be complete 
During the boiling no air must be allowed to come into contact with the fat or a 
dark coloured product will result ; hence the lid of the saponifying tank must fit 
practically air-tight. Finally, the mixture is allowed to settle; the fatty acids 
separate out as a clear oily layer above, and the glycerol water below. The glycerol 
water is drawn off into e, and the fatty layer boiled up again with some fresh water 
for another twelve to twenty-four hours, when all the glycerol is extracted. At 
this stage a little barium carbonate mixed with water (i part barium carbonate to 
2,000 lbs. of stock) IS added to b in order to neutralise aoid in the fat, and the 
boiling with steam resumed until the fat is neutral to methyl orange. Finally, the 
mass is allowed to settle, and the glycerol water drawn off first, and then the fatty 
acids, which are now ready for use 

The glycerol water in e — amounting to about 60 per cent of the volume of fat 
— is neutralised by a little milk of hme contained m h, the sediment allowed 
to settle, and the clear glycerol water pumped into c, passing if not quite clear 
through the cloth filter in f From c the glycerol may be passed to the evaporators 
to be boiled down and distilled 

Advantages of the New Process.— 1. The great simplicity of apparatus and operations 

2 The glycerol water drawn off from the fat is very rich in glycerol, yielding when boiled down 
a very pure product at little cost 

The Disadvantage is the tendency to produce dark coloured products An apparent improve- 
ment on Twitchcfrs onginal reagent, both in respect to the lighter colour of the fatty acids produced 
Snd the smaller amount necessary for saponification is the Dartnng saponifier (Englisn patent 
749, 1912; German patent, August 1911, V. 9847), placed on the market by the Vereinigte 
Chemische Werke, A G., Charlottenburg, and Geo Haller & Co , of London. 

Other Processes of Saponification — Colloidal metals {e,g , platmum) readily hydrolise 
fats (see Joum Soc, Chem Industry ^ 1909, 61 1) The process promises to develop into a techni- 
cally important one. 

Enzymes contained in many seeds also readily and spontaneously hydrolise fats at ordinary 
temperatures mto free fatty acids and glycerol For further mformation see /<mm Chem 
Industry^ 1906 (25), p 994 ; (Fokm) ; 1905 (24), 977 (E Hoyer) ; 1904 (23), 327«(Nicloux). Nicloux 
states that the enzyme contained in 10 kilos of crushed castor seed which been extracted with 
castor oil is able to decompose 1,000 kilos of fats and oib in twenty-four hours at ordinary tempera- 
tures. The fats are staled to yield excellent light coloured soaps^ 

Barb^ and Garelli (English Patent, 12,210, 1907) saponify fats with ammonia under pressure, 
thereby producmg ammonui soaps and glycerol. The ammonia soaps are decomposed by steam, 
the ammonia being boiled off, condensed and used again The free tatty aads float on the surface 
of the glycerol water, and may be separated by decantation Since the ammonium salts of oleic acid 
are first decomposed it is possible, by stopping the boilmg with steam at the nght point, to first 
separate the oleic acid, and then, by continuing the boiling, to separate the stearic and other acids. 

In the patent No 9,758, 1908, they sapoiufy with o 5 per cent, of ammonia (which acts cata- 
lytlcaily in the^process) idth steam at 130®- 160® C. under 3-6 atmospheres for eight hours, and 
immediately separate the resulting very pure glycerol waters of 6®-7® Be. See also Patents 24,836 
and 24,837, 1908. 

Distillation of the Fatty Acids. — A typical still used for this purpose is shown 
in Fig. 26. The melted fatty acids are run from the storage tank m into the 
large copper still a, which is usually heated by direct fire to a temperature of about 
260* C., while steam which has been heated to 26o*-36o* C , in the superheater b 
is blown through c, c, into the mass of hot fatty acids. The fatty acids distil over 
into a senes of copper condensers n, d, d, the liquid acids running firom them doTO 
into copper coils e cooled by water in the wooden boxes k, k, k; from these coils 
they are drawn off, according to quality, into separate tanks, f is an auxiliary 
condensing arrangement, situated out of doors, for condensing the lighter portions 
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Fig. 26. — Plant for Distillation of Fatty Acids. 


of the redistilled tar A water aspirator contained in f carries the fumes into the 
tank G ; uncondensed vapours pass off through h, and are suitably disposed of. 

About 18,000 lbs. of fat may be distilled continuously, the volume in the still 
being kept constant by the continual introduction of fat from the storage tank m 
in proportion as the volume in the still decreases during the distillation. # 

Palmitic acid first distils over, then stearic and oleic acid, and finally lactones 
and hydrocarbons. The first distillate (80-95 cent of the whole) is white in 
colour, and may be pressed at once for conversion into candle material The later 
fractions, which are rich in bodies produced by the decomposition of the fatty acids 
— such as lactones and hydrocarbons — are returned to the storage tank m and 
redistilled. The black residue (liquid when hot, solid when cold) which finally 
remains in the still is known as candle pitch, and is run off through the outlet 
pipe « ; It IS used for making insulating material for electrical machines, for waterproof 
paper, as a lubricant, and as a constituent of black paints , it forms about 2 per 
cent, of the charge. 

The United States m 1910 imported 4,263,000 lbs, of candle pitch (value, $70,000), of which 
1,170,000 lbs. came from the United Kingdom. 

Process of Pressing the Fatty Acids. — The fatty acids, purified as 
described above, are now run into a series of shallow tinned iron trays arranged 
one above the other in racks in a cooling room, which is artificially maintained at 
such a temperature that the fatty acids crystallise only very slowly during ten to 
twelve hours, so that the crystals of stearic and palmitic acid formed are large, 
and thus allow the liquid oleic acid, retained between them and forming the 
mother liquid out of which they crystallise, to be easily expelled by pressure. 

The cakes of fatty acid thus obtained are wrapped in cloth and subjected to 
a hydraulic pressure of 250 atmospheres in the cold. Then they are pressed at a 
temperature of 60’ C. in a “ hot press,” one steam jacketed so as to allow the 
pressing to take place at this temperature. The white hard cakes thus obtained 
are remelted and clarified, when they are ready for use. 

The expressed oleic acid, commonly called “ red oil,” is usually cooled, when a 
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further separation of solid stearic and palmitic acid takes place. This is separated, 
and the mother liquid, consisting cf impure oleic acid, is used as a wool oil or as 
a stock for textile soap. 


Melting Points of the Fatty Acids.— These are important for their 
commercial valuation : — 


M.P. 

Oleic - - - - 4“ C. 

Oxystearic - - - 84°-86“ C. 

Iso-oleic - - - 44 °- 45 '’ C. 


M.P. 

Elaidic - - - - 51° C. 

Stearic - - - - 69'’ C. 

Palmitic - - - 62® C. 



Process of Candle Moulding. — Candles consist of cylinders of wax or fatty 
acids surrounding a wick lying true in the centre in order to avoid unequal burning. 
These wicks are made of cotton threads loosely plaited together and soaked in a 
solution of boric acid, potassium nitrate or chloride, and ammonium chloride, 
sulphate, or phosphate. The plaiting causes the wick to curve when burning, and 
thus they burn away at the ends without causing the flame to smoke. The chemical 
solution vitrifies the ash 
of the wick, and the 
minute glassy particles 
dropping off from the 
bent wick leave the end 
free for the melted fat 
to ascend to the point 
where combustion is 
taking place. In the 
absence of this chemi- 
cal treatment the wick 
burns off short in the 
flame and causes 
persistent guttering. 

^tearine or paraffin 
candles srre moulded in 
special machines. 

Pig. 27 represents an 
ordinary candle machine 
capable of moulding 
ninety-six candles sim- 
ultaneously. It consists 
of a battery of moulds 
contained in an iron 
tank A, through which 
warm or cold water Fig. 27. — Modern Candle Moulding Machine, 

can be passed as desired (From J. Caiderwood’s “ Manufacture of Candles,’’ p. 15). 

in order to heat or 

cool the moulds. Each mould (the construction of which is shown in Fig. 28) 
is made of polished tin, sometimes backed by iron, and traversed by a piston which 
can be raised or lowered so as to force the candle out of the mould. The wicks 
are wound upon the bobbins d (Fig. 27), and pass up the piston rods B accurately 
through the centres of the candle moulds as shown in Fig. 28, and end in the 
candles from the previous “round,” which are held in exact position in a special 
clamp. To use the machine hot water is first driven through the box containing 
the moulds so as to heat them to a suitable temperature ; next the melted wax is 
poured into the trough, and not only completely fills the moulds, but leaves a suffi- 
cient surplus in the troughs to allow for contraction of material on cooling. Next 
the hot water is replaced by a stream of cold, which rapidly chills the moulds, and 


Lcwkowiisch gives 44.5® C. as the correct M.P. 
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the candles solidify. The wicks of the candles held in the clamp above the trough 
are now cut, and the previous round of candles carried away for packing. The 
excess of candle material in the trough is now removed by means of a suitable tool, 
the emptied clamp replaced over the trough, and then, by operating the handle, the 
pistons B are pushed up the moulds, thus forcing out the candles into the holder 


Candle 

Material 


A 



Fig. 28. — Section of Candle Moulds. 


Candle Mould 


or clamp e. The wicks are drawn up with the candles, so that, immediately after 
the withdrawal of the first lot of candles, the pistons are lowered and another charge 
of wax poured into the moulds. When the surplus material in the trough is sum- 
ciently solid, the wicks above are cut by a special knife or scissors, and the clamps 
containing the candles are then lifted awayi and the candles ejected into a rack or 
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other convenient place. After the clamps have been replaced upon the machine 
the operation is continued until, ultimately, the bobbins d, which contain sufficient 
wick for several hundreds of candles, are emptied, when they are either rewound, 
or replaced by others. 

A great advance on these machines is represented by Cowles’ ** Multiple” candle-moulding 
machines, which enormously increase the output and effect a very great economy of labour, water, 
steam, and floor space ; thus while by the use of a small candle machine such as that just 
described ninety-six candles can be produced at one operation, by the use of a multiple machine of 
the same size no less than 360 candles can be produced by one operation The “Multiple” 
machine is capable of producing no less than 518 candles at one falling, filling three times an 
hour, and producing per week of fifty-five working hours no less than 90,000 candles It is fitted 
with patent swing-over clamps for holding the ejected candles, depositing them in a V-shaped tray 
attached to the clamps 

“Self-fitting” candles have conical fluted ends by which they may be fitted 
into any candlestick without scraping or paper Being tapered at both ends they 
cannot be produced in a siqgle mould. 



The arrangement used by Price’s Patent Candle Compin) , and patented by their Mr Durpitt, 
is shown in the figure. The cap A, which forms a fluted conical butt, is in halves, each 
supported on wire springs B, which pass down recesses m the mould When the candle is forced 
out of the mould these halved caps also rise a little, and springing apart they allow the enlarged 
butts of the candles to pass through , these are received in clamps c, and held m position over 
the centres of the moulds until the next lot of candles has solidihed round the wicks, as n the 
ordinary “plain end” machines. 

In some forms the conical ends are made by means of a movable top bed, fitted with moulds 
for these butts 

UsuaUy a little paraffin is added to the stearine m order to render the wax less brittle. Also^ to 
paraffin candles varying amounts of stearine are added for similar reasons. Since low melting 
candle material is much cheaper than high melting material, candles are now manufactured with a 
thm exterior of any suitable high melting material, the interior being composed of the cheaper low 
melting material* Special machinery is required to jperform the moulding, but the candles thus 
produced have the advantage of being very economical to manufacture, and not liable to gutter in 
Duming, or cake together m packing, while the exteriors can be lettered for advertising purposes, or 
made of any desired colours, such colours not mterfermg with the combustion 01 the candle. 
Wax and ceresin candles are not moulded, because the wax at the moment of moulding shnnks 
away from the mould \ also they stick to the form. Thick altar candles are made simply by 
8 



98 


INDUSTRIAL CHEMISTRY 


pouring molten wti down a wick hanging vertically, and then rolling between boards. Smalln 
candles of the same material are made by drawmg the wicks repeatedly through melted wax until 
of the proper size. By mixing beeswax with varying proportions of paraffin and stearic acid it is 
possible to mould it hke ordinary candles 

Colouring Candles. — ^The candle material is usually colour^, before moulding, with organic 
colouring matter, the best sorts being those soluble in alcohol, since they affect least the burning 
iMwer of the candle. The steanne is melted at 65® C., and the dye stirred in. The quantity varies 
between 0.05 and o 01 per cent, of the weight of candle matenal. Mineral colouring matters cause 
the candles to burn badly, while many aimine dyes fade rapidly when in contact with the stearic 
acid. Good results arc obtained with the following dyes: sudam IV., flexin, rose bengal, 

rhodamm. Yellow — chinolin yellow, auramm. 6'rvsM^acid green, Victoria green. Blue — 
induUn, Victoria blue, methyl violet 

Transparent Candles for ornamental purposes may be made in a variety of ways, (i) W 
100 parts of paraffin wax be melted at 8o*-90® C. with 2 parts of beta-naphtnol, a material is 
obtained which remains transparent on moulding. (2) raraffin wax, 70, steanne, 15, and 
petroleum, 15, melted together, give a low melting-point transparent candle material. (3) Paraffin 
wax, 90, steanne, 5, and petroleum, 5, give a higher melting-pomt matenal somewhat less transparent 
than (2). 

Statistics. — The value of candles imported into the United Kingdom in 1910 was 5,600 cwt 
(value, 14*500 ; exported were 292,000 cwt (value ;f485»200) 

The United States m the same year imported 160,000 lbs., value $26,000, and exported 
3,215,000 lbs., value $244, 00a 

Manufacture of Candle Material from Waste Oleic Acid —Oleic 
acid, expressed from the steanc and palmitic acid used in candle-making, is a 
viscid fluid quite useless as a candle matenal Many attempts have been made 
to turn it into candle material, but only the first process described has met with 
any measure of commercial success.’’^ 

I. The Conversion of Oleic Acid into Hydroxjrstearic Acid— Oleic 
acid is dissolved in distilled petroleum (60* B6.), and cold concentrated sulphuric 
acidt run in, the temperature not being allowed to increase beyond 40’ C. The 
following reaction takes place ; 


Ci 7H«,COOH + HaS 04 


Oleic ftcid. 


Suipbttnc 

acid 


yCOOH 

Ci7H84< 

SOaOH 

Sulpbosteanc acid 

xo 


Ci^H^COOH + HaS 04 * C,7H,4< | + H8SO4 

^ O 


Oleic acid. 


Salphanc 

acid 


Stearolactoue. 


Sulphuric 

acid. 


Next, live steam is blown in, whereby the sulphostearic acid is decomposed, thus 

.cooH ycoon 


+ H ,0 - 

^O.SOoOH N 


Sulphostearic acid. 


Water 


+ HaS04 

OH 

Hydroxystearic Sulphuric 


aad 


aad 


The steam-heated mass is allowed to stand, and the water and sulphuric acid, 
sinking to the bottom, are drawn off. The remaining mass is extracted with hot 
petroleum naphtha, J which dissolves out the hydroxystearic acid. On coolmg. 


♦ Sec “ The Conversion of Oleic Acid into Candle Material,” by Dr Lewkowitsch, Jomrtk 
Soc^ Chem. Jnd , 1908, p 489 See also p looa. 
t Zinc chloride has been also used for the purpose. 

i U.S. Letters Patent, No. 772,129— N. M. Burton, patentee ; Standard Oil Company, 
assigpee— nth October 1904. 
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the petroleum the hydroxystearic acid separates out as a white mass, which is 
filtered, dried, and pressed. 

Fifty ger cent, of oleic acid is thus converted into hydroxystearic acid, two 
modifications of which exist — the alpha variety, melting at 77‘’-8s* C, and the 
beta variety, melting at 81**85* C 

The filtrate consists of stearo-lactone and unchanged oleic acid ; when it is 
distilled the unchanged oleic acid passes over, and part of the stearo-lactone is 
converted mto oleic acid or iso-oleic acid, thus : — 


/CO 

Stearo lactone 


* QtHsgCOOH 
Oleic acid 


The recovered oleic acid is again treated with sulphuric acid as above described, 
and a further quantity converted into hydroxystearic acid. It is claimed that by 
this process no less than 85-90 parts by weight of hydroxystearic aad are obtain- 
able from 100 parts of oleic acid. 

Hydroxystearic acid used alone is not a good candle-making matenal, although 
Its melting point is high ; but a mixture of 3 parts of the substance with i part of 
commercial stearic acid is used for stiffening paraffin wax candles 

For recent methods of converting oleic acid into hydroxystearic acid by treating with sulphunc 
acid, the reader consalt the following Enghsh patents — 

2,989, 1910 — Dabovitz treats benzine bone fat (1,465 kilos) with water (600 kilos) and MgO 
(8 kilos) in autoclave for eight hours , blows out, separates fatty acids and Mg soap from the glycerol 
water , dries fatty acids and Mg soap (1,412 kilos) and treats with 26 kilos ot 92 per cent 
for one hour ; boils with HgO The iodine number was lowered from 44 9 to 33 2, giving 12 9 
per cent of solidified oleic acid 

10,466, 1904 ; io,466a, 1904 ; and 19,98$, 1905 — Dre3rtiiaim treats the oleic acid with HjSO*, 
then estenfies the separated acids with methyl alcohol, and separates the pure acids by distilling 
tn vacuo their methyl esters (which boil at a lower temperature than the fatty acids themselves), and 
decomposing them again into methyl alcohol and fatty acid by superheated steam 

24,8^6 and 24,837, 1908 — Barb^, Garelli, and Paoli treat the oleic acid with concentrated 
II2SO4, and convert the resulting anhydrides and lactones into acids by saponifying with ammonia 
(Engli^ Patents, 12,2x0, 1907 , 9,758, 1908), decomposing the resulting ammonia soaps with cold 
water. The ammonium oleates are more soluble in cold water than the ammonium stearates, and 
consequently are drawn off in solution from underneath the stearic acid and stearic soaps, and a 
separation is thus effected of the oleic and stearic acids, the ammonia soaps being finally decomposed 
by boiling water, the ammonia recovered and used again, and the free fatty acid drawn off. 
They claim to obtain from oleic aad about 65 per cent stearic acid melting at 70® C (see also 
PP 93» 109) 

393> 1902. — Sandberg treats train oil with HgS04 nitrous acid. The nitrous aad converts 
the liquid oleic into solid elaldic aad, CX8HS4O2. 


2. Conversion of Oleic Acid into Palmitic Acid — When oleic acid is 
fused with caustic alkali it is converted into palmitic acid, thus . — 

CisHsiOs + 2KOH a KCwHjiOa + KQjHjOa + 

Oleic aad. Caustic Potassium Potassium Hydrogen 

soda. palmiute acetate gas. 


On acidifying the aqueous solution with dilute sulphunc acid, the palmitic aad 
is precipitated as a white crystalline mass. Ondles made of palmitic acid manu- 
factured by this method have actually appeared on the market, but the process was 
not commercially successful, the evolution of hydrogen making the manufacture 
dangerous, while the candles themselves possessed an unpleasant smell and greasy 
touch. 


3. Conversion of Oleic Acid into Stearic Acid.— Oleic aad is an un- 
saturated acid, only dififenng from steanc acid by the absence of two hydrogen 
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atoms. Several processes have been proposed for making oleic acid take up these 
two h>drogen atoms and become stearic acid according to the equation ; — 

C,»HaCOOH + H, = C„H«COOH 
Oleic acid Hydrogen Stearic acid, 
gas 

The processes are described in the next article on the Hydrog^enation of FatS. 

Acknowledgments — The author^s best thanks are due to Messrs Price’s 
Patent Candle Company for much information regarding a subject which they, 
more than any other firm, have improved and developed. Also to Mr W. H. 
Stephens for much information regarding recent processes. 
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THE HARDENING OF FATS 
HYDROGENATION OF FATS 

By Geoffrev Martin, Ph D., D.Sc., F.I.C. 
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English Patents, 1,515, 1903, 2,q20 and 13,042, 1907; 9,112, 1908; 7,726, 3,752, 
29,612, and 30,282, 1910, 5,188, I3,';i9, I5»439» 25,326, and I5,440» 1911 » 72, 
4,702, 5,773, 18,282, 18,310, 18,996, 18,998,22,092, 23,377, 23,643, 24,084, 27,718, 
28,754,28,981, 1912, 4,144, 10,204, 11,542, 11,543, 13,382, 16,283, 16,782, 18,350, 
1913, 2,306, 2,307, 3,344, 3,865, 4,665, 5967, 15,668, 16,600, 1914; 109,993, 1917. 

German Patents. — 211,669, 1907, 221,890, 1910, 236,488, 1911; 260,885, and 
256,500, 1913 

French Patents.— 450,703, 1912 , 458 , 445 » ^ 9 ^ 3 - 

USA Patents —902,177, 1908, 1,004,034, 1911 ; 1,004,035, 1911; 1,0401,5319 
1,040,532, and 1,043,580, 1912, 1,059,720, 1,058,738, 1,060,673, 1913. 

Oleic acid is an unsaturated acid only differing from stearic acid by the absence 
of two hydrogen atoms Several processes have been proposed for making 
Oleic Acid take up these two hydrogen atoms and become stearic acid, according 
to the equation 

CnH^gCOOH + Hg - Q^HggCOOH 

Oleic Acid Hydrogen Stearic Acid 
Gas 

Thus fuming hydnodic acid reduces oleic acid to stearic acid ; so docs heating with iodine ; 
other attempts to reduce oleic acid to stearic acid have also been successful For details of 
these and other new processes the reader is referred to the Journal of Chemical Induslryy 1908, 
vol 27, p 489 

Recently it has been shown that when Oleic Acid is treated with nickel powder 
in the presence of hydrogen, it takes up hydrogen and gives an almost theoretical 
yield of hard stearic acid 

Moreover, this latter action is of general importance. Not only does oleic acid, 
but also liquid unsaturated fats take up hydrogen under these conditions and 
become convened into hard substances. Thus the liquid glyceride, triolein, is 
converted into solid tristearin . — 

C8H,(oocc,,H33)3 + 3H3 - 
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Sabatier and Maihle (Ann. Chim. Rhys., 1909, [8], 16, 73) showed that oleic 
and elaidic adds, when treated with hydrogen in the presence of reduced nickel at 
38 o*-3oo* C., yielded stearic acid. The nickel, technically prepared by redudng 
nickel carbonate tn sttu, is thrown into the boiling fat and H gas is passed through. 

The first patents referred to the passage of hydrogen gas through the vapours (/fatty substances. 
Such processes were of little use in the case of glycerides, as they are decomposed when vapourised. 

The lundamentsd patent was taken out by Norman (English Patent, 1,515, 1903), which described 
the hydrogenation of oils in a liquid condition, by merely passing a current of hydrogen into the 
oil, heatea to a suitable temperature, and containing a finely divided metal as catalyst 

This patent is fundamental in character since it precluded all other manufacturers from hydro- 
genating oils in the liquid condition In 1913, however, it was declared to be invalid owing to the 
meagre information given in the patent 

Recent work has been principally directed towards the preparation of the 
catalytic nickel m a suitable state, the best proportion of catalyst to use, the best 
temperature of hydrogenation, the proper refining of the fatty body, the application 
of continuous mechanical agitation, the purification of the hydrogen. 

For details of these the reader must consult the patent literature above referred to Published 
details are meagre Crossley {loc at ) gives details for rape oil, whale oil, etc , which were 
pubbshed in the lawsuit of Joseph Crosfield & Sons Ltd. v, Technico-Chemical Laboratories Ltd 

The method was invented by Sabatier and Senderen. The reader will find a r^sum6 of their 
researches in the Annates de Chtmie et de Phystaue^ 1905, [8], 4, 319 ; 1909, [8J, x6, 70 See also 
Sabatier^ Ber , 1911, 44, 1984; Sabatier, “La Catalyse” 

An excellent account is also given by Crossley, The Pharmaceutical Journal and Pharmacist^ 
1914, 92, pp 604, 637, 676 See also C Ellis,y SCI, 1912, 31, 1155 ; also his book, “ Hydro 
genation of Oils,” 1914 ; T Shaw, Ihtd , 1914, 33, 771. 


Theoretical* — At constant temperature and pressure the velocity of hydro- 
genation of an oil is given by the equation — 

V=:K.CiC2. 

Where V is the velocity of the reaction, K the constant of reaction, Q is the active 
mass of the oil, and C2 the active mass of the hydrogen. 

Consequently, in designing a plant for the hydrogenation of oil it is essential 
that the product CjCj should be as large as possible. In other words, the product 
of the number of pounds weight of hydrogen per minute driven against the oil into 
number of pounds of oil it meets per minute must be as large as possible. 

Hence the hydrogen should be highly compressed, as in this way a larger weivht is concentrated 
in a given volume. Also the speed with which the oil and hydrogen circulate Tn the system m a 
counter-current direction should be as great as possible Hence the pumps should be powerful, and 
it is theoretically a mistake to depend upon gravitation and ordinary pressures for the flow of gas and 
oil. The great practical advanta|:c of the latter arrangement is ease of working 

It IS also well known that an increase of pressure favours the formation of products possessing a 
smaller volume than the ongmal components. Since the hydrogenated oils occupy less volume than 
the original hydrogen and oil mixture, on this ground also (see below) it is advisable to use high 
pressures and powerful pumps 

The reaction is mono^molecular, Fokin (y. Russ. Fhys. Chem Soc., 1908, 40, 
276) has shown that the saturation with hydrogen of a double bond at constant 
temperature and pressure follows the ordinary mono-molecular formula : — 


K = ilog,y-. 

m Cl ““ X 


Where a represents the total volume of hydrogen absorbable by the unsaturated 
oil, and x the volume of hydrogen actually absorbed after the time / 

The reaction starts rapidly, but slows down as saturation is attained, following in this the 
ordinary mono-molecular formula : — 

J.KC-.), 

The saturation of an oil with hydrogen is exothermic, attended with the 
evolution of heat. Maxted Catalytic Hydrogenation and Reduction,^’ pp. 95 and 
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97) states that, in the course of a two hours^ run, a charge of oil will have 
spontaneously increased its temperature from 140* to 185* C. 

If Q be heat of reaction and K the equilibrium constant, K is dependent upon the tempera- 
ture according to van*t Hoffs equation 

Q 

dT RT*‘ 

Consequently K tends to diminish with rise of temperature, and for this reason it is advisable to 
carry out the nydrogenation at as low as possible a temperature compatible with a sufficient 
practical velocity of reaction The formation of bodies whose production is attended with the 
evolution of heat exothermic bodies) is checked by rise of temperature. 


Practical Conditions of Success 

It has been found that the main conditions for success in the hydrogenation of 
oils in the liquid condition are . — 

1. Exact Control of the Temperature, the reduction of the oil with 
nickel must take place at as low a temperature as possible — say 140"* C to 180* C — 
in order to avoid decomposing the oil and giving it a bad taste and colour. Again 
the nickel must be reduced at a low temperature (see below). 

2. The Purity of the Reacting Bodies, eg,y the fats should be purified 
by removing free fatty acids (not more than i per cent free fatty acid should be 
present) and moisture, sulphur compounds, etc 

The mcJlie/ must be pure (see below). The hydrogen must be extremely pure 
if good results are to be attained. The purer the hydrogen the more rapid the 
reduction. Sulphur compounds, arsenic, water, carbon monoxide, m the hydrogen 
all diminish its activity in the presence of nickel. 

3. The Exclusion of Catalytic Poisons,’' t^e , substances which destroy 
the hydrogenating action of the nickel catalyst 

Chlorine, sulphur (as sulphide), phosphorous, and arsenic are the worst of these catalytic 
poisons. Oxygen and water and carbon monoxide also affect injuriously the activity of the nickel 

4. * The Fine State of Division of the Catalyst.— The more finely divided 
the catalyst the more rapid the action 

5. The Pressure of the Hydrogen Gas.— Several processes exist in which 
the hydrogenation takes place under ordinary atmospheric pressure, and it is true 
that if the catalyst is sufficiently active an almost instantaneous conversion of the 
oil IS possible. Nevertheless, in general the higher the pressure employed the more 
rapid and effective the hydrogenation , four atmospheres is a good working pressure 
Berlins {Zett Angew Chem , 1914, 27, 522) actually showed that the hydrogenation 
of oil can be affected without catalytic aid by the use of high temperatures and very 
high pressures. 

In general a catalyst only acts in accelerating a chemical action which takes place of itself at a 
sufficiently high temperature and pressure. 

It IS a well-known law of physical chemistry that an increase of pressure favours the production 
of reaction products, having a smaller volume than the products we start with. As the hydrogena- 
tion of fats is attended with the absorption of hydrogen so that the resulting hydrogenated oil 
occupies a smaller volume than the hydrogen and oil we start witli, this result of Ber^us is to be 
expected on theoretical grounds 

6. An Adequate InterfflinsUug and Mixing of the Hydrogen and the 
Oil. — It IS obviously essential to mix the hydrogen and oil effectively by means of 
stirring gear or other devices. 

This need of lnixiI^; has probably been exa^erated in the patent literature. The hydrogen can 
only act by solution in the oil, and the nickeTT once wetted by the oil, cannot come into contact 
with except by solution ; so that all that is needed is a gentle mixing of the contents. Very 

rapid difmsion also aids the action. Hence the large number patents which desenbe complicated 
devices for bringiim hydrogen and oil into intimate contact by violent agitation, or ** atomisation,*’ 
are probably introduemg needless elaboration into the plant necessary for successful treatment of oil 
with hydrogen. 
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It has been shown that the activity of the nickel catalyst depends.iipon : — 

1. The Punty of the Nickel. — For example, m preparing the nickel from nickel sulphate by 
precipitating as nickel carbonate by means of sodium carbonate, and then reducing t;{ie latter in 
hydrogen, it is absolutely essential to wash the nickel carbonate after precipitation until it is quite 
free from all traces of sulphate Sulphur compounds affect the activity of the catalyst very badly, 
and conseauently some authorities prefer to work with nickel nitrate, precipitating it as nickel 
hydroxu)^ by caustic soda, washing, drying, and reducing 

2. The Temperature of Reduction.— It is necessary for the nickel to be extremely finely 
divided so as to be in a pyrophoric condition, i e , the metal spontaneously inflames on contact with 
air or oxygen. This condition is only attained by carrying out the reduction with hydrogen at as 
low a temperature as possible. Thus nickel oxide begins to reduce at 200"* C Reduction is 
incomplete below 270’ C The usual temperature employed is 300® to 320® C. Too high a tempera- 
ture of reduction (say 400® C ) converts the nickel into an almost inactive modification Nickel 
carbonate IS said to be sufficiently reduced at 230® C. (see Fuch^s patent, English Patent 11,542, 

I ^ » a lower temperature than is necessary with the oxide 

Organic salts of nickel can be reduced at still lower temperatures (see Wimmer-Wiggins Patents ; 
see English Patents, 25,326, 1911 , 4,144, 19x3) 

3. Protection from Oxidation. — The finely divided nickel after reduction must not be allowed 
to come into contact with air, otherwise it oxidises and becomes inactive. It is therefore either 
kept in an atmosphere of hydrogen until use, or else dropped into oil immediately after reduction, 
and kept in that way In some processes the nickel carbonate is reduced in the oil itself (See 
below ) 

4. Use of Nickel Carbonyl — Shukoff (German Patent, 241,823, of i8th January 1910) employs 
an entirely different method of preparing the nickel catalyst He passes nickel carbonyl (obtained 
by action of carbon monoxide on reduced nickel at a low temperature) into oil heated to 200® C 

The nickel carbonyl is decomposed and metallic nickel is set free Lessing’s process (see 
English Patent, 18,998, of 1912) uses this fact for his process of hydrogenation 

5 Use of Carriers for Nickel — In order to increase the catalytic effect of a given quantity of 
nickle a large number of patents have been taken out for the use of carriers Thus, pumice, 
kieselguhr, asbestos, and other porous bodies are impregnated with nickel salt, and the whole reduced 
with hydrogen 

Modern practice, however, has tended to diminish the use of these carriers, They aid filtering 
off the nickel. 

Many proposals have been put forward for increasing the activity of the 
hydrogen used in reducing the fat ^ 

Thus Fuch (English Patent, 11,543, 1913) suggests* — 

1 Heating the hydrogen to 200® -250® C. — a higher temperature than that of the fat to be 
reduced. 

2 Dissociating the hydrogen into atoms by treating it with chemically active rays 

3 Passing the heated hydrogen over a catalyst such as spongy platinum or freshly prepared 
nickel, which appears also to increase the chemical activity of the hydrogen 

For use of electrical discharges, chemically active rays, etc., in increasing the activity of the 
reacting materials (see Utescher, British Patent, 20,061, 1912), where the use of mercury vapour 
lamps IS suggested In this connection see also Seifen Ztg , 1913, p 851 , F Gruner, French 
Patent, 453,664, 1913 In the latter patent oils andf fats are subjected to the action of an electric 
current of very high tension and frequency 50,000 to 100,000 volts are mentioned Farmer and 
Parker (/<wy» Amer Chem Soc (1913), p. 1 524) desenbe experiments on the effect of ultraviolet 
light on colloidal platinum. 

Use of other Metals than Nickel —In addition to nickel and its compounds, colloidal 
platinum (Fokin, Willstatter), and palladium (Paul), copper and iron may be used Palladium 
has been used industrially in amounts as small as to yuWinr of the amount of fat (see Paul 

and Skita, German Patent, 230,724 ; Ver Chem, IVerke, A G , German Patent, 236,488, 1919 ; 
British Patent, 18,642, 1911; palladium chloride (with rubber or gelatine as protecting colloid) 
IS used. Reduction with platinum or palladium takes place at a lower temperature than when 
nickel IS used. 

Supply of Hydrogen for Hydrogenating Fats.— One ton of oleic acid 
requires about 79,000 litres (2,800 cubic feet) of hydrogen One ton of Triolein 
the glycenne of oleic acid) requires 75,900 litres (2,680 cubic feet) of 
hydrogen. 

The production of hydrogen for this purpose is fully described in Martinis 
Industrial Chemistry, Inorganic,'' vol I., to which the reader is referred for 
fuller details. 
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It might be mentioned here that the hydrogen is mainly prepared by the following methods • — 

1 Electrolytic — This method produces a very pure gas, but is too expensive to compete with 
the other processes except in countries like Norway, where water power is cheap, and where 
this procesractually is the dominant method of producing hydrogen. 

2 Iron Sponge Steam Procest. — Oxide of uon is reduced by means of water gas carefully 
purified from sulphur compounds. Steam is then passed over the heated reduced metal, yielding 
iron oxide and hydrogen The oxide is again reduced by water gas 

Lane’s Plant (Lane of Ashford, Middlesex, England) is one of the best-known and successful 
plants for working this process. Mazted (Gas Developments, Ltd , Walsall, Birmingham) have 
modified this process so as to produce a gas as pure as electrolytic hydrogen but at less cost 

3 The Hargcr-Terry Process (see British Patent, 6,007, 19 ^ 7 ) consists of impregnating 
impure hydrogen with the proper amount of electrolytic hydrogen and oxygen, and passing the re- 
sulting mixture over a suitabje heated catalyst. The carbon monoxide, sulphur, and phosphorus 
compounds are oxidised, and absorbed by lime or alkali The resulting hydrogen is ex- 
ceedingly pure 

The Lmde-Caro Process — Water gas is liquified and the hydrogen separated from the CO 
by fractional distillation The gas used for hydrogenation consists of H= 95-97 per cent, CO* 

2 per cent., rest = N The pumping is done by a gas engine utilising the separated CO as fuel 

The hydrogen used must be free from HgS, o i per cent being sufficient to destroy the catalytic 
activity of nickel 

In 1913 the Linde Co.’s plants for producing H for the hardening of fats {Zeit Angew, 
Cherny 1913, 26, III 814; see also Vol II, “Industrial Hydrogen” yielded enough H to 
harden 100,000 tons of fat 

Whale Oil is the chief oil subjected to hydrogenation, the world’s supply in 1912 amounting to 
1,200,000 barrels (42,000 tons) (See Offerdahly Ber deuisch Pharm Ges , 1913, 23, 558, who 
states that there is a factory in Nor wav capable of producing 4, ^oo tons of H by an electrolytic 
method, and of hardening 150 tons of whale oil per twenty four hours ) 

Hardened whale oil melts at 40® 50® C , is devoid of taste and smell, and so is a valuable fat. 
Linseed oil is also largely hardened 

Industrial Processes for Hardening Fat— A very large number of 
processes have been described in the patent literature, but very few have proved 
technical successes The reason is that considerable technical difficulties occur, 
especially in working on the large scale, and many of the patents describe processes 
in which these difficulties have proved insuperable 

Description of Processes — Hydrogenation processes involving the use of 
nickermay be divided into three classes — 

(i^ Dry processes. 

(2) Wet processes 

(3) Gaseous processes. 

I Dry Processes — In these the catalyst is produced by treating the oxide 
of nickel in a dry state with hydrogen gas at a temperature of about 300® C. 

The reduction of the nickel is attended with many difficulties In the first place, in the furnace 
a stirring apparatus is required in order to mix the nickel oxide thoroughly with the hydrogen. 
Hence the employment of rotary drums, stirring autoclaves, etc , the heating of which presents 
several difficulties Again the sensitiveness of the catalyst depends very largely upon the 
temperature 

If the temperature is too high (400® C. ), the nickel will pass from the catalytically active black 
form into the inactive gray modification The lower the temperature of reduction the more active 
the nickel But if the temperature of reduction is too low (? e , below 250® C ) the reduction of the 
nickel is imperfect. 

Consequently the temperature of reduction has to be very carefully regulated, and this is a 
difficult matter to effectively control 

The reduced nickel, also, is very chemically active, and if not protected from oxidation, will lose 
its catalytic power ^Iso the opening of the reducing apparatus may be dangerous, as the reduced 
nickel will take fire in air, and if hydrogen is present in sufficient quantity this may cause an 
explosion — as has actually occurred in practice Hence before opening the apparatus the hydrogen 
must be swept out by an inert gas like carbon dioxide 

The catalyst, when made, must also be employed under exactly defined 
conditions. 

Some workers consider that nickel reduced m the dry state is too compact to be used as such, 
and so they place it on special “ supports,” such as clay, asbestos, etc. These matenals obviously 
add to the difficulty of regenerating the nickel, and it has been stated that they may give to the fat 
an earthy taste and bad colour Moreover, much fat is absorbed in their pores, the recovery of 
which IS difficult. 
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Finally, the catalyst is mixed with the mass of oil to be hardened, and while 
actively agitated hydrogen gas, under a pressure of 4 to 5 atmospheres, is heated 
to a suitable temperature, say 140* to 250° C. 

The following works have been stated to be using processes of this type 

Process, Works, 

Normann - - • • - Germaniawerke, Emmerich. 

Schichtwerke, Aussig. 

Turgene, Ose 

WiLBUSCHBWiTSCH - • • Lever Bros , Port Sunlight 

Bremen-Bersigheimer, Oelfabriken. 

De No Fa, Frednksstad 
United Soap Works, Zwinndrecht 
**Salolin,’* Petrograd and Nischni- Novgorod 
Carlton Ellis ... Hydrogenated Oil Co., New York 

Southern Cotton Oil Co , New Jersey and Georgia. 

C. E Kaysbr - . - - Procter Gamble Co , Cmcinatti. 



FlO. — ^Dry Process for Hydrogenating Fats. (Normann.) (See p. loq/ } 


The following details give a rough outline of the methods employed in this 
process. Plant and autoclaves are sold by Lane (Ashford, Middlesex, England), 
and also by Maxted (Gas Developments Ltd , Walsall, near Birmingham, England) 
for these processes. 

Normann Processes. — The following is a brief account For fuller details 
and descnptions of autoclaves, etc., see Geoffrey Martin, “Oil, Fats and Waxes.’* 

The £et to be hardened must contain less than i per cent, of free acids, otherwise nickel soaps 
will be formed, and nickel will appear in the rehnea fat. Hence before hardening the fat should 
be refined, as ^is will pay m the end. The fat must be dry* For this purpose it is run from a 
storage tank t into a vacuum heating pan 2, and is there heated until water is eliminated. It is 
then ran down the pipe 3 and forc^ by the pump 4 up the pipe 5 into a heated autoclave 6. 
This autoclave is steam-heated, and is kept at a temperature of about 140^ C* The pressure inside the 
autoclave is about 5 or 6 atmospheres. The interior is usually fitted with baffle plates and sometimes 
with sdmng gear, so that the liquid in pouring down the intenor of the autoclave is very intimately 
mixed with an ascending stream of hydrogen gas. The frt reaching the bottom of the apparatus is 
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pumped 4 up the pipe 5 and in again at the top of the apparatus, so that a continual circulation 
of the fat IS producea until the degree of hardening reauirea is attained. 

The hydrogen gas is drawn mto the apparatus through the pipe 9, and by means of the pump 
10 it is forcec^into uie bottom of the apparatus, and passes up the autoclave against the descending 
stream of liquid fat, and is intimately mixed with it The unabsorbed hydrogen collects at the top 
of the apparatus and then passes down the pipe ii, and once again is injected mto the apparatus by 
the pump la 



As the hydrogen is absorbed fresh supplies are passed in through the tube 9. 

The catalyst is supplied as follows .—Nickel carbonate (made from nickel sulphate) is placed in a 
furnace and calcined It is then ignited m a stream of hydrogen gas, so that it is reduced to the 
state of a metal in a finely divided condition While still hot, and in an atmosphere of hydrogen, 
the charge of nickel is quenched m oil contained in a receiver. The oil containing the proper 
charge of nickel is then pumped from the vessel 8 mto the autoclave 6 through the pump 4. It thus 
mixes with the charge of fat, and supplies the correct amount of nickel for the charge. 

The hydrogenatmn proceeds rapidly, and is carried on until the iodine value sinks to about 6a 
It is important that the fat should not be too hard for edible purposes. The melting pomt of such 
fats should always be lower than that of the human body. 
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The nickel is usually recovered by running the fat out of the autoclave through partial coolers 12, 
so as to reduce its temperature somewhat (in order to avoid darning the mter cloths), and it ^ 
then pumped through a filter press 13, into the storage tank 14, and the finely divided nickel is 
recovered and either sold as such to nickel manufacturers, or else it can be workedgip again into 
sulphate. 

The hydrogenation begins at about 140® C with pure hydrogen, and the temperature then rises 
somewhat (the action being exothermic) up to x8o® C. The lower the temperature is kept the better 
the resulting fat for edible purposes 

Geoffrey Martin’s Process —A new principle for mixing and heating the 
oils was introduced by Geoffrey Martin in an English Patent applied for on the 
i6th July 1918. In this apparatus all mixing gear, baffle plates, etc, are avoided 
in a very simple manner The apparatus is shown in Fig 29^, p. 100^ 

The charge of oil (which may have been preheated to a suitable temperature) 
is placed in a reservoir 5, whence it flows down a series of tubes 6, 6, 6, which 
may be horizontally placed or vertically placed. These tubes are heated by a steam 
jacket (as is shown in the attached diagram). The oil flowing down the pipe 6 is 



Fig 29^ — Geoffrey Martin’s Continuous Oil Hydrogenation Process. (Sec p. looi ) 

sucked in by the pump 4 and thrown up the pipe 3 back again into the reservoir 5, 
so that the oil is maintained in continual circulation through the reservoir and pipes. 

The heating of the oil is thus effected not m the reservoir 5 but by means of the 
steam jackets surrounding the pipes 6 As the pipes can be made of any length 
the heating of the oil can be made to take place very rapidly, and the temperature 
of the heated oil is regulated by a thermometer or thermoindicator in the pipe as 
shown. 

The mixing of the hydrogen with the oil is also effected in the pipes 6, 6, 6 as 
follows ; — Projecting into the pipe 6, 6, 6 is a senes of perforated pipes 7, 7, 7, closed, or 
partially closed, at each end. The hydrogen gas is forced by the pump 8 into these 
pipes through the pipe 9 until the requisite pressure of hydrogen is attained. The 
circulation of hydrogen in the apparatus is maintained by the pump to which draws 
the gas from the top of the vessel 5 and forces it down the tube 9 and then into the 
tube 7, where the gas rushes out through the perforations into the descending oil, 
so that there is a continual circulation of oil going on in the one direction and a 
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stream of hydrogen passing up through the oil in the other As the pipes are 
narrow the hydrogen and oil arc very intimately mixed in the pipes, thus rendering 
unnecessary the use of baffle plates, stirring gear, and similar plant for the purpose. 

In a second patent applied for on 27th November 1918 (I 9 »S^ 7 » Geoffrey Martin makes his 
process continuous. The apparatus is shown in Fig 29^, p loo/t The oil to be hardened is pumped 
in a steady stream into a pre-neater i, and then flows out m a carefully regulated stream through the 
tube 2 At the point A it meets the oil from the tank M, which oil is forced in through a force pump b 
The oil in M is impregnated with catalyst, and conseauently, the oil containing catalyst mixes with the 
larger volume of oil devoid of catalyst coming from the pre-heater i, and the rate of flow of oil from M 
and from the pre-heater i is so regulated that proper amounts of catalyst are introduced into the oil so 
as to cause hyarogenation to take place properly. The oil now mixed with catalyst is pumped by means 
of c up the tube 3 into a reservoir 5, and continuously flows down a series of tubes 6, 6, 6, which may 
be of very considerable length, and which are heated externally by steam, hot air, or other heating 



Fig 2 ()cl — Kayser Process for Hydrogenating Oil. 


medium. Inserted into each of the tubes 6, 6, 6 is a series of perforated pipes 7, 7, 7, through which 
the hydrogen is forced, and which churns up and mixes with the oil as it flows down the tubes as 
described m the previous patent The oil, by the time it has passed through all the tubes and 
has reached the outlet D, is hardened sufficiently, and passes away through the cooler E, and then 
IS forced through a pump F to a filter-press G or other arrangement for removing the catalyst. 
From G It passes to the storage tanks. The rate at which the oil is hardened depends upon the 
length of the pipes 6, 6, 6, through which it passes, and the quantity of hydrogen gas it meets in 
passing down the pipes Also the purity of the hydrogen and the sensitiveness of the catalyst a*e 
important factors. Consequently, by making the Mssage through the pipes 6, 6, 6 sufficiently long, 
and causing it to meet a sufficient quantity of hydrogen during its passage, the oil emerging at e 
can be hardened to any required depee. 

The advantages of a continuous counter-current process are obvious In ordinary processes 
large masses of oil, weighing a ton or more, are treated in batches in massive autoclaves, whereas 
in the present process the oil is fed in a thin stream through long tubes, without at any moment 
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The Kayser Process (United States Patent, 1,004,035, 1911) consists in 
mechanically agitating the oil and catalyst in presence of hydrogen under pressure. 
The apparatus described in the patent is shown in Fig. 29^, p. 100/. 



A honzontal jacketed drum is closed by stuffing-boxes at each end, and contains working paddles 
cover^ by gauze. A pump a draws hydrogen from a three-way valve B and passes it through c 
into the v^sel. The vessel is one-fourth to one-fifth full of oil and catalyst Unabsorbed hydrogen 
IS blo^ off at D The oil is run out at E. The temperature of hydrogenation is 150® C to C 
Kieselghur is suggested as a carrier for the catalytic nickel. (United States Patent, 1,008,474, 1911. ) 


Fig 2 ge — ^Wilbuschewitsch Process for Hydrogenation of Oils (See p look ) 
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Wilbuschewitsch Process (see United States Patent, 1,079,278, 1913 ; also 
U.S. Patent, 1,024,758 of 1912; English Patents, is,44o> 191^; >2, 1912). The 
apparatus is shown m Fig. 29^:, p loq;. 

The vessel R contains the fat to be treated, and the vessel 0 contains the 
catalyst. Pumps aa' feed the oil and catalyst into a mixing device b, by which an 



intimate spray of catalyst and oil is obtained. The mixture passes through a pipe 
G and a valve h into an autoclave Jj, which is furnished with a spraying device Cj 
which consists of a number of nozzles so arranged that the oil and catalyst are 
uniformly sprayed into the whole inner space of the autoclave A compressor k 
forces hydrogen into the autoclave under a pressure of nine atmospheres, the 
hydrogen passes through a pipe x, which extends from the upper part of the 
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autoclave downward to its lower end, and terminates in an admission nozzle Dj. 
By this spraying system an intimate contact of oil and hydrogen on the counter* 
current principle takes place. The autoclave is heated to loo"* to 160® C. The 
partially hydrogenated oil collects in the conical part of the autoclave, and is 
sprayed in the form of a fountain through the autoclave by the incoming hydrogen 
The oil from the first autoclave is forced by a pump into the second autoclave 
jg, the hydrogen entering through the pipe jg, and the actions occurring in the first 
autoclave are repeated. 

Several autoclaves can be arranged in series in this way When the fat is 
sufficiently hardened (determined by withdrawing a sample and determining the 
melting point or iodme value) the oil and catalyst mixture is run out through the 
valve i; into the centrifugal apparatus f, where the oil is separated from the 
catalyst. The clear oil runs into the tank n, while the catalyst passes through the 
pipe Ri and the valves s and t to the vessels o and p. Spent catalyst is run into 
the tank p to be regenerated. Fresh catalyst is introduced through the valve t 
Unabsorbed hydrogen passes through the check valve w and the pipe Q and 
cooling worm l into a washing vessel m filled with caustic soda lye, where it is 
purified and passed on to the compressor and autoclaves 

Testrup’s Apparatus (English Patent, 7,726, 1910) is also based on a 
spraying system. The apparatus is shown in Fig. 29/ p 100k, It consists of a 
series of closed autoclaves Oy j, /, in which oil and catalyst are sprayed in series 
into hydrogen gas at a continually decreasing pressure. 

Thus in g the oil, heated to 160® to 170® C, is subjected to hydrogen at 15 
atmospheres pressure In 0 the hydrogen is at 12 atmospheres pressure This 
difference m pressure causes the oil to spray from g into 0 s has a hydrogen 
pressure of 9 atmospheres, and, consequently, oil sprays from 0 into s The oil 
and catalyst are thus sprayed several times into gas at successive lower pressures 
The oil enters by the pipe / and the hydrogen by ^ « is a reducing valve for 
regulating the pressure of the gas in the next autoclave , h shows heating tubes for 
superheated steam , / is the pipe carrying the oil to the spray nozzle p The oil is 
pre-heated to 160® C. in the vessel a which is provided with stirring arms i is the 
storage tank for the oil, while w is the filter press for removing catalyst from the 
treated oil , y is the treated oil tank 

It should be noted that both Wilbuschewitsch and Testrup’s system refer to the “spraying*^ 
or “atomisation” of the oil into the hydrogen A number of patents exist, the object of which is to 
bring the catalysts, oil, and hydrogen into intimate contact Yet all that is apparently needed is a 
gentle mixing of the contents, as very rapid diffusion takes place 

Ellis (US. Patents, 1,026,156, 1912; 1,052,469, 1913; 1,040,531, 1912, also 
British Patents, 24,084, 1912, 16,782, 1913; 16,600, 1914) uses tubes filled with 
catalysing material in granular form, and allows the oil to flow through the tubes 
in one direction while passing the hydrogen in an opposite direction. 

Fig 29 jf, p \QOnty shows a vertical type of apparatus The catalyser being shown at c m the 
tube A. Oil enters by the pipe o and passes into the tube or cylinder a The pump p causes 
the oil to circulate from the top to the bottom of the apparatus through the pipe B Hydrogen 
gas admitted at H is pumped to the bottom of the cylinder A, and the excess is withdrawn at the 
top by the pipe D, passing through the dner E and back into the treating cylinder In another 
form of apparatus Ellis arranges the catalyser in beds or trays, instead of in a bed of considerable 
depth. See United States Patent, 1,040,531, 1912 

Calvert (English Patent, 18,350, 1913) mixes the oil and gas by means of a 
rotary stirrer driven by an electric motor contained m the autoclave itself, and 
under a hydrogen pressure equal to that at which the reaction is carried out. 

2. Wet Processes. — In these processes the catalyser is generated in, and 
not without, the oil to be hardened. A compound of nickel is introduced into 
the oil (or part of the oil) to be hardened, and the whole is heated while a stream 
of hydrogen is passed through. The nickel is thus produced in stiu. 
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Three processes have been worked on a large scale — 

I. Th^ Bedford-Erdmana Process (see English Patents, 2,520, 1907 ; 
29,612, 1910; 27,718, 1912, 28,981, 1912, United States Patent, 949,954, 1910; 
German Patents, 211,669, 1907; 221,890, 1909) —Nickel oxide is introduced into 
the oil, which is heated to 255'*-26o° C. Hydrogen gas is then passed through, 
which reduces the oxide to the metallic state with the liberation of water (see 
United States Patent, 1,026,339, 1912) 

The disadvantage of the use of nickel oxide is the high temperature that it is necessary to employ 
in order to cause reduction, this temperature being close to the temperature of decomposition of 
the fat A partially decomposed fat causes a bad colour and taste in the hydrogenated oil 

Erdmann introduced certain improvements into this process, producing the 
oxide by special processes The oxide, for example, is produced from the nitrate 
instead of from the sulphate (see Si^/en Ztg ^ iQiS* also German Patent, 

211,669, 1907). 



Fig 29^ — Ellis’s Process for Hydrogenation of Oil (Seep 100/,) 


A small factory was erected at Sleaford, England A company, called the “ Ardol Co , of 
Selby,” is stated to be working the process In Germany the “ Ammendorfer Oelhartungswerke ” 
IS stated to have adopted the process 

2 WimmerHiggiiis Process (see English Patents, 25,326, 18,282, 1912, 

23»377, 1912, 4jI44» 19^3 > 1914 > also United States Patent, 1,081,182, 

1913.) — Here the nickle is introduced into the oil in the form of salts of organic 
acids like formic, oxalic, or lactic acids 

These salts are much more easily reducible than oxide of nickel, so that over- 
heating is avoided. 

It has been objected, however, that on heating c|irbon monoxide is split off (which acts as 
a catalytic poison), and that the organic acids are liberated, which attack the apparatus In 
Germany a company to work the process has been formed called the ** Fettrafinene, A. G, 
Bremen und Brake.” 

3 Process of the Norsk Hyderings Company (see English Patent, 

11,540, 1913; iit543> 1913)* process nickel carbonate is the salt of 

nickel employed, which is reduced m oil at a lower temperature than the oxide, 
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and IS stated to be free from the defects of the Wimmer-Higgins process. The 
company hold Fuch’s patents. 

The process of reduction is thus described in Fuch’s patent, No. ii 543, 

1913 =“ 

ifOOO (one thousand) kilograms of castor oil are mixed with 1.2 per cent of finely-powdered 
and fireshly-prepared nickel carbonate previously dried at i lo** C » and the mixture is then heated 
to 230'’ C , whilst a current of hydrogen is slowly allowed to pass through the same ; as soon as 
this temperature of 230* C. is attained, highly-compressed hydrogen (say from 12 to 15 atmospheres) 
is admitted mto the mixture through a capillary nozzle The reduction of the salt to metallic 
nickel takes place under the well-known characteristic phenomena, namely, with slight frothing 
due to the formation of water As soon as this operation is completed, the temperature is lowered, 
and the reduction of the oil earned out as an uninterrupted continuation of the preceding operation. »» 

In a second patent of Fuch’s, No. 11,543, 1913, held by the company, the 
following conditions are laid down for increasing the speed of the hydrogenation — 

** An essential increase of the speed of the reaction is obtained by maintaining the oils under 
treatment at a moderate temperature of from 90“ to 150® C , while the reducing gas is heated to 
a higher temperature, namely, say from 200® to 250® C 

“The avoidance of a too high heating of the mass itself has a favourable influence upon the 
final product, whereas the heating of the reducing agent appears to produce an increase of its 
activity. Comparative experiments have shown that by these means the speed of the reaction 
can be increased to the extent of over 10 per cent 

“Care must be taken to increase the efficiency of the reducing gas by a preceding splitting 
of Its molecules into atoms This can be done by subjecting the gas to chemically active rays 
A dissociation of the hydrogen also appears to take place when it is conveyed over catalytically 
acting substances, such, for example, as spongy platinum or freshly-prepared metallic nickel The 
dissociated hydrogen possesses, as has been proved by comparative experiments, an increase 
of activity of from 15 to 20 per cent The catalytic substance can be located within a suitably 
long pipe or upon trays of a column apparatus, and the necessary heating may be effected by way 
of example by means of a heated oil casing ** 

This process is worked on a very large scale by the following companies ~ 

Norway — The Vera Fedtraffineri A.S , SandeQord Capacity, 16,000 tons per year Edible 
and industrial fats 

Sweden — Aktiebolaget Hennksborgs Fabnker, Stockholm Capacity, 10,000 tons per year. 
For hardening vegetable oils for industrial and edible hard fats t 

Denmark — A S Ohehaerdmngsfabnken, Kjobenhavn Capacity, 8,000 tons Edible fats 
from Soia bean oil 

Holiand — Jan Dekker, Wormerver Capacity, 4,000 tons 

Belgium. — De Bruyn, Ltd , Termonde 10,000 tons Edible fats 

France. — Societe de Stearmnene et Savonnerie de Lyon 8,000 tons For candle and soap 
manufacture. 

Italy. — “Corisoleum” Societa Italiana per ITndustria degli Olii, Mira 16,000 tons For 
candles, soaps, and edible fats. 

Germany — Centra A.G , Krischwitz Elbe 20,000 tons for candles, soaps, and edible fats 

Roumama. — Phenix Societate Anonima Romana, Bucharest. 4,000 tons for edible fats 

(3) Gaseous Processes — In these the nickel is passed into the oil m the 
form of an unstable gaseous compound, namely, nickel carbonyl. 

This IS decomposed in the oil, depositing the nickel, and liberating the carbon 
monoxide. 

Shukoff (see German Patent, 241,823, Jan. 18, 1910 A/so H Kamps, 
Belgian Patent, 246,975. United States Patents, 738,303, 777,848, 943,627) 
seems to have been the first to have claimed the process of hydrogenating oils by 
means of nickel derived from the decomposition of nickel carbonyl. 

The carbonyl is obtained from reduced nickel by passing carbon monoxide 
over it at a low temperature The carbonyl is soluble in oil, and when the solution 
is heated to 200“ C., the nickel is set free and can be used as a catalyser. 

It is stated by some authorities, however, that the carbon monoxide acts as a 
catalytic poison for the nickel. 

Lessing (British Patent, 18,998, 1912) has worked out a process for the 
hydrogenation of oils by the use of nickel carbonyl, and a company has been formed 
to work it, namely, the Hydronyl Syndicate, Ltd., 140 Leadenhall Street, London. 

The system is worked on the counter current principle. A gas composed of 
hydrogen and a small amount of carbon monoxide m passed over nickel contained 
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in a container and heated to a suitable temperature. The carbon monoxide takes 
up the nickel, and the gas then passes into the heated oil The nickel carbonyl 
decompose m the oil, setting free the nickel in a nascent condition The 
hydrogen present then acts in the presence of this catalytic nickel, and hydro- 
gen ises the oil The presence of carbon monoxide is stated not to poison the 
nickel to such an extent as to stop the rapid action of the nickel, because the nickel 
is liberated in an atomic condition, and acts so rapidly in this condition in the 
presence of excess of hydrogen that the poisoning or slowing effect of the carbon 
monoxide on the nickel does not have practical results 

In Lessing’s process only ordinary atmospheric pressures need be used, and a temperature of 
from i 6 o °-200® C is required to decompose the nickel carbonyl passing through the oil. A 
maximum amount of o i per cent metallic nickel is used The nickel may be recovered from the 
oil either by filter-pressing or centrifuging in suitable apparatus 

In the ordinary processes of oil hardening the nickel catalyst must be recovered by dissolving m 
sulphuric acid (or other acid), making into nickel sulphate (or other suiiable salt), then pre- 
cipitating as carbonate and reducing again In the Lessing process, however, this procedure is 
avoided by returning the spent nickel catalyst into a heated cylinder, and passing carbon monoxide 
over It The carbon monoxide picks up the nickel, and the nickel containing gases passes once 
more into the heated oil. The process can be worked continuously, oil travelling in one direction 
and the gases in the other The carbon monoxide can be recovered and used over and over again. 

Uses of Hardened Fats — The process of hardening fats has now become 
of great industrial importance, because so much of the natural supply of hard fats 
is now employed in the making of margarine and other foodstuffs that the amount 
of such fats available for soap- boiling and candle-making has seriously diminished. 

Hydrogenated and hardened fats are at present used largely for soap-making 
(see English Patent, 13,042, 1907 ) Although the soaps produced are hard and 
do not lather well, this difficulty could be got over by mixing the hardened fat with 
a suitable amount of another fat which would give the necessary qualities to the 
soap 

The soap made from hardened fat is stated to give satisfactory results with a much larger 
percentage of resin than can be used in soap made from tallow or palm oil 

By Subjecting fish oils and other unsatuiated glycerides to hydrogenation, their 
unpleasant smell is completely removed, and this makes the process particularly 
valuable, this de-odonsing effect, however, is only obtained if the hydrogena- 
tion IS carried out nearly to completion 

Hardened fish oils must have their iodine value reduced to under 50 if they 
are to yield a suitable washing soap, devoid of all smell of fish oil 

Consequently, it is not possible to de-odorise an oil by this process without hardening it, so that 
the process has little value for the makers of soft soap and others users of liquid oils 

Hardened cotton-seed oil and hardened whale oil are used for edible 
purposes, and no doubt the use of hardened fats m this respect will greatly 
increase in the future They form excellent frying fats, and are now used in 
increasing quantities in the manufacture of marganne 

No difference between the digestibility of hardened fats as compared to those 
of natural fats has been found Obviously, a hardened edible fat should melt 
below the temperature of the body in order to obviate indigestibility 

Hardened fats differ from natural fats in that they appear to be more easily saponified by alkalies. 

Leimdorfer [Sctfensteder Ztg , 1913, 40, 1317) suggests that hardened ** stearin” is an allotropic 
modification of the natural glyceride 

Hardened oils are stated to have been used in the manufacture of chocolate 
instead of the expensive cocoa butter. They have also been used for lubricating 
purposes. In the tanning industry stearin, produced by hydrogenation, has been 
employed instead of oleo-stearin. 

Nickel in Hardened Fats. — An oil hardened by a process, which includes 
Ni as a catalyst, may contain o 5 to 2 mg. Ni per kilo., and possibly dele- 
terious effects might arise from the unlimited consumption of such oil. Normann 
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and Hiigel {Halbmonatsschrift fur Margarinindusirte^ I9i3» VI., No 17) showed 
that this quantity of Ni is often contained m foodstuffs prepared m nickel vessels, 
which have had no injurious effects on persons who have consumed themn Feeding 
trials with commercially hardened oils containing from o 07 to 6 mg of nickel per 
kilo, have been carried out without ill effects ensuing (see Lehmann Chem Zeit , 

1914, 38, 798) 

Prall has found that Nickel is found in fats only in traces , and then only when the oils used 
contain considerable amounts of free acid 

Sesame oil with 2*^8 per cent acid gave a hardened oil with 0*006 per cent nickel oxide 
(NigOs) , a whale oil with o*6i per cent free acid contained 0*0045 nickel oxide in the hardened 
fat, with only o*2 per cent free acid in the original oil, no nickel could be detected in the 
hardened product Bower states neutral oils do not take up nickel Nahr w Genussm^ 
191a, 104). 

Testing for Hardened Oils. — The only reliable test is the presence of 
nickel in the oils. 

To detect nickel, 5-10 gms of fat (still better aj lbs. [i kilo ] in cases where the amount of 
nickel IS very small) are warmed half an hour on a water bath, with an equal volume of concentrated, 
hydrochloric acid, shaking frequently , after filtering through a moistened filter, the filtrate is 
evaporated in a porcelain dish 

The residue gives {^Fortin Chem Ztg,^ 36, 1,461 {1912)), when nickel is present, on touching 
with a drop of i per cent alcoholic dimethyl glyoxime solution, a red coloration, which becomes 
more pronounced when ammonia solution is added If the acid extract is itself coloured, it must 
be boiled with animal charcoal, and filtered 

Kerr (y. Ind, and Eng Chem , I9i4> 207) ashes 10-20 gms of hardened fat, 
dissolves the ash in HCl, evaporates to dryness, and ignites to free from organic 
matter, transfers to a tall 50 c c cylinder, and moistens with a few c c of distilled 
water. Then 50 c c of standard dimethyl glyoxime (5 gms dissolved in 50 c c 
absolute alcohol, and made up to 100 c c with concentrated aqueous ammonia, and 
kept in well-stoppered bottle) are added. The presence of nickel is shown by a 
red coloration or precipitate The tint is compared with that produced under 
same conditions with a nickel solution of known strength 

Edible fat must not contain more than o 05 mg of nickel per kilo 

The introduction of hardened fats has rendered doubtful of interpretation many 
of the standard tests used for specific oils 

The following points are of importance in this connection — 

1 The Iodine Value — This is the most important value, as it gives the degree of hydrogena. 
tion of the oils For methods of carrying out, see under Analysts of Oils 

2 The distinctive aromatic alcohols. Phytosterol and Cholesterol^ are unaffected by hydrate nation 
so that after hydrogenation it is still possible to ascertain whether an oil is of animal or vegetable 
origin. (See under Analysis of Oils ) 

3. Most of the tests for individual oils are destroyed, because the process of hydrogenation 
destroys the substances giving rise to these tests. Thus the Baudouin Test for Sesam6 Oil (red 
colour when oil is shaken with cold hydrochloric acid and sugar) is rendered almost useless The 
same applies to the Halphen Test for Cottonseed Oil (orange red coloration when oil is heated with 
an equal volume of amyl alcohol and carbon disulphide (i i), the latter containing i per cent free 
sulphur) The test is rendered more sensitive 11 pyrtdtne is substituted for amyl alcohol, and a 
closed tube used for the test (See Gastaldi, Chem Zeit 1912, 2, 758 ) 

3. Hardened Fish Oils and Whale Oil are said to contain arachidic and behenic acids — 
which are the characteristic acids of Arackts Oil Hence an oil adulterated with hydrogenated 
fish oils would be difficult to distinguish from Arachis Oil by the Bellier Test (fractionating the lead 
salts of the fatty acids by treating with 70 per cent alcohol) 

4. The process of hydrogenation does not effect to any great extent the saponificcUion value of 
the oils thus treated The Acetyl value^ however, is usually lowered, owing to the splitting off of 
hydroxyl groups (Normann and Hilgel, Chem Zeit , 1913, 37,815). Thus it would be difficult to 
detect castor oil when fully hydrogenated by the saponification value and acetyl value 
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X.— SOAP— MODERN MANUFACTURE AND 

ANALYSIS 

By G. Martin, Ph.D, D.Sc. 
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Lewkowitsch, “ Oils, Fats, and Waxes,” and Wright and Mitchell, “ Oils, Fats, 
and Waxes,” give excellent summaries of soap-making 

Soaps are the metallic salts of fatty acids The sodium and potassium salts of 
the fatty acids are soluble m water and constitute our ordinary “ hard ” and “ soft ” 
washing soaps respectively — although to-day certain sodium salts are manufactured 
which are quite soft, while certain potassium soaps possess a considerable degree of 
hardness, so that the old distinction between these classes of soap no longer holds 
accurately 

The soaps of other metals, eg, calcium, aluminium, magnesium, etc, are all 
insoluble m water, and so are quite useless for detergent purposes Aluminium 
soaps (made by adding saponified linseed or cotton-seed oil to a solution of alum) 
are, however, used to impregnate waterproof material and to thicken oils , while lead 
and manganese soaps are used in varnish making (which see) 

VVe may classify the processes employed in soap manufacture under three 
heads • — 

I. Soap-making processes where glycerol is set free and separated from the 
resulting soap, 

2 Soap-making processes where glycerol is set free^ but is not separated from the 

resulting soap 

3 Direct neutralisation of fatty acids with alkalis ^ no glycerol being produced. 

We will consider each in turn. 

Soap*making Processes where Glycerol is set free and 
separated from the resulting Soap 

When the natural oils or fats are boiled with caustic soda they are decomposed 
according to the equation , — 

C3H5(0C0.R), + sNaOH = C3H8(0H)8 -f sR.COONa 
Fat. Caustic Glycerol Soap 

soda. 

The glycerol is recovered from the liquid which settles out below the 
soap* 

This IS the process emplo|ld on the largest scale at the present time. Measured 
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Fig, 30, — Soap Kettle, showing closed and 
open steam pipes, swivel-join outlet 
pi pe, and outlet valve. 

(Brown& Patterson, New York.) 


amounts of oils and fats are run into a 
large cylindrical vessel, called a soap kettle, 
varying in diameter from 5-25 f^., and in 
depth from 8-30 ft., and fitted with an open 
steam coif for heating the contents, and a 3-in. 
outlet valve at the bottom for running off tlie 
lye. At the side is an outlet pipe of 3-4 in. 
diameter connected with a swing joint and a 
3-in. cock, for transferring soap to the mixer 
or “Crutcher.” 

The proper amount of oil having been in- 
troduced, a dilute solution of caustic soda 
“lye” of 15*" Be. is run in from the lye tank, 
steam is turned on, and the whole is vigorously 
boiled. As the caustic soda is taken up by 
the fat, more and more is added, care being 
taken, however, not to add it too quickly, for 
if present in excess it will retard the saponi- 
fication. An excess of caustic soda, however, 
is required for the completion of the 
saponification. 

j The saponification takes place in three 
stages. 


First an emulsion is formed, owing to the change ; — 

CIIo.O(Ci,lI,,0) CH 2 .OH 

I I 

C1L0 .(Ci«H3 .,0) -f 3NaOH = CII.OfCjsH^jsO) + CigH-^sOONa -f 2NaOIl 

CH,.0.(C,hH,, 0) CH,.0.(C,eH3,0) 

Tallow (tristearin). Distearin. Soap. 

Next a pasty mass is produced when the change has gone one stage further ; — 

CIT,OII CH^OH 

CH.O.iCisHaeO) + 2NaOH = (Ih.OH + CiglVOONa + NaOH 

CHp.CCjsHiaO) CH2.0 .(Ci8H»0) 

Distearin. Rlonostearin. So.np. 


Finally a clear homogeneous mass appears in tlie kettle, which represents the complete 
saponification : — 

CHoOU Cfl.OII 

I I “ 

CH.OII + NaOH = CII.OII + Q.H.vOONa 

I I 

CH 2 . 0 (Ci,H 3 ,, 0 ) CH2OH 

Tristearin. Glycerol. So.ap. 

In the clear mass there is present at this stage ; soap, glycerol, some caustic 
soda in excess, some salt, sodium carbonate and sulphate (impurities in the caustic 
soda), and any unchanged animal tissue present in the fat. If saponification has 
been properly completed there should be no free or unsaponified fat. 

Dry salt is now shovelled into the mass and scattered over the surface. Soap 
is but feebly soluble in a solution of brine, and so it separates out into a layer of 
soap above and glycerol water and excess lye below. The process is known as 
“graining” or “cutting” the soap. 

A tallow or cotton-seed soap slock will be satisfactorily grained with 7-19 ])cr cent, of'salt in the 
stock lye. Cocoa-nut oil soap requires much more. 

After each addition of salt the mass is well boiled up in the kettle, and the 
appearance of the soap noted. As water is withdrawn from the soap to dissolve 
the dry salt it loses its transparency and assumes a “ grain-like ” appearance. Finally 
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the neutral lye separates out below and the soap above The addition of salt is 
now discontinued, and the contents of the kettle well boiled m order to intimately 
mix the lye* 

FinaMy steam is turned off, and the lye allowed to settle out. The time required 
for this depends upon the size of the soap kettle. Sometimes two hours are sufficient, 
but usually the whole day is taken up m saponifying, and the lye allowed to separate 
overnight. The neutral lye is then run off at the bottom of the soap kettle, and is 
either pumped to the glycerol refinery, or stored until convenient for using. The 
curdy soap remaining in the kettle is again boiled up with water to form a homo- 
geneous paste (** closed ”), a strengthening charge of caustic soda is^added, and the 
boiling continued, to ensure complete saponification, and at the same time to wash 
out impurity from the soap, for much colour is discharged into the alkaline lye 
Finally, the lye is again separated by graining with salt as above described. This 
IS known as the pickle change 

Sometimes the soap is again treated in the same manner in order to remove 
impurities which spoil its colour — the impurities being discharged each time with 
the lye. 

If the soap is to contain rosin, the “strengthening charge” of caustic soda is omitted and the 
rosin IS added after withdrawing the second lot of lye. The rosin is added in fragments smaller than 
a man’s hand, live steam being passed simultaneously through the grained soap If added by hand, 
the addition of rosin continues over several hours, during which time only sufficient steam is needed 
to keep the soap hot and slowly melt the rosin When all the rosin is added a considerable amount 
of lye at 20® Be is run in and the mass vigorously boiled Rapid combination ensues, and lye is 
added as required in order to prevent the soap from “ closing ” (? ^ , forming a homogeneous mass 
with the lye) Indeed, the soap must be kept “open” (t e , separated in a distinct layer from the 
lye) by the addition, if necessary, of more 20* Be lye, and when no more of this is absorbed, with 
ary salt With the soap “open” (separated from the lye) combination with alkali with rosin (an 
acid body) takes place rapidly, and an easy discharge of colouring matter into the waste lye beneath 
occurs. When the change is completed the highly coloured and impure lye (which contains practi- 
cally no glycerol since this has been removed with the lye of the two previous operations) is run away 
down the sewer. Then sufficient water is added, with boiling, so as to just “ close” the soap (i e , 
make it into a homogeneous paste with the lye), and then a strengthening charge of 20® Be is added, 
with boiling, until the soap is again “opened” (1 e ^ separated as a layer from the lye), the lye 
being added as fast as it is absorbed 

VVTien the absorption ceases, the saponification is completed, and the whole is boiled. If the 
soap fends to “ close,” bnne from 10® Be to 20® Be (according as the soap is thick or thin) is added 
The lye separating should be alkaline (“ strength lye”) After turning off steam the lye is allowed 
to settle out overnight, withdrawn, and (since it contains free caustic soda) used for treating another 
lot of stock, or added to the grained nigre or stock change of other boilings, where it assists in the 
saponification of fresh stock. 

The soap must now be “fitted,” / , brought to the condition of finished soap. 
To do this, the strengthening lye is withdrawn, and the open soap is boiled up with 
water until the whole forms a homogeneous paste Additions of water are now 
made very carefully, each addition of water being followed by a thorough boiling, 
and Its effect noticed. The art of the soapmaker consists in so adjusting operations 
that the soap contains just the proper amount of water, and yet is still “open” 
enough to allow the intermingled aqueous solution and impurities (principally iron 
salts of fatty acids) to settle out 

Addition of water should cease when the soap boils up regularly with but little 
steam, and rolls over a stiff surface, breaking into saucer-like depressions which 
retain theif firmness and transparency from the centre to the circumference of the^ 
kettle. Much experience is required to produce the proper degree of hydration. 

Soft-bodied stock (grease, cotton-seed oil, heavily rosined tallow) and firm stock (tallow and 
cocoa-nut oil) for unfilled soaps such as Castile, floating soap, and milled soap base, require bat 
little water, whereas soap intended to be filled with soda-ash solution, or tallow soap slightly 
rosined, require much water. 

If the soap is to be quite neutral, a little cocoa-nut oil may be added towards the close and well 
boiled througn. This effectively neutralises the free alkali, and greatly improves the finished soap 
Sometimes “oleic aad” (r^ oil) or melted stearic aad is added for the same purpose. 

When brought to the proper degree of hydration, the mass is allowed to settle 
tor some days, when there is found at the bottom of the pan a very small amount 
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of alkaline solution, above which rests a layer of dark soap called “nigre,’' and 
above this rests the bulk of the finished soap (“neat soap”), covered on the top 
by a thin layer of solidified soap in a spongy condition, owing to air bubbles 


Fig. 31. — Soap Frame, with Clamp. (Rost & Co., Dresden.) 


which have risen from below during the settling process. The “nigre” owes 
its dark colour to metallic soaps — usually iron ones — and contains caustic soda 
and excess of salt. Its volume varies between 25“35 per cent, of the mass. 'I'lie 


Fig. 32. — Soap Slabber. (IIouchin-Aiken, New York.) 


“ neat ” soap above the nigre should be practically neutral. The line of demarca- 
tion between the good soap and nigre is sharply defined. 

If the soap is to be used pure, the “neat” soap is run directly whilst warm into 
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Fig, 33. — Soap Crutcher, showing steam-heating pipes and mixing screw. 


The “nigre^^ or impure soap remaining behind in the soap kettle alter the 
“ neat ” soap is run off is boiled up with steam and grained by throwing in dry 
salt and boiling. On settling, the lye underneath is run into the sewer while the 
nigre is utilised for adding to other soap stock, or used as a base for milled soap 
or floating soap. 



Fig. 34. — Conventional View of a Soap Factory, showing the course of manufacture from the Soap 

Kettle to the Pressed Tablet, 
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R<qplacement of Soap Frames by Soap-Cooling Machines 

The great disadvantage of soap frames is that four or five days must elapse 
before the soap is cooled sufficiently to be cut up into bars Also, they occupy 
a very large space in the factory. Machines are now on the market whereby two 
tons of soap may be run at once into special cooling machines, and the soap cooled 
by a stream of running water within one to one and a half hours So that a pair 
of these machines working alternately will, in a working day of twelve hours, 
produce forty-eight tons of solid soap in a condition to be cut into bars 


In some of these special machines the soap is run into metal tubes surrounded by cold water 
(much like the candle-making machines) The core of cold soap is then forced out of the tubes 
by means of a piston One of the most successful soap-cooling machines is made in the form of 
a filter press Fig 24a shows the general plan of such a machine, viewed from above The 
liquid scap is run from the soap kettle into a steam -jacketed autoclave c, which is provided with 
stirring arms whereby ingredients can be mixed m with the soap. By means of compressed air the 
hot liquid soap is forced alternately out into either the soap cooling machines A or b, which are 
so arranged that the one machine is being prepared for filling while the contents of the other are 
cooling, so that the process is nearly continuous Each of the machines A and B will hold two 
tons of liquid soap, and the time of cooling varies from one hour m winter to two hours in summer. 
The structure of the machine is apparent from Fig 34^ — 5, 5, 5 are nickel plated flat iron boxes 
through which a stream of cold water pours, entering at the bottom through the pipe 6, and 
pouring away at the top through the pipes 7, into a water trough I'lgs. 34^- and 34(/ show the 
arrangement of these cooling boxes in detail Each box has a hole at the base through which the 
soap can flow, the holes forming a passage 3 (Fig 34/^) when the machine is connected up The 
cooling boxes are mounted on strong iron rails, and move along on rollers Also they are connected 
together by an iron band at the base, with slots cut in it, so that they have a certain play of move- 
ment tBeiwccn the cooling plates are wooden frames, shown in greater detail in Fig, 34^? These 
frames are covered inside with nickelled iron, and are clamped firmly together between the cooling 
frames, as shown in Fig 34^ and in Fig 34/ The cooling boxes and frames are squeezed together 
by means of an electrically driven screw' 8 (Figs. 34a and 34^) The screw is straightened by means 
of an electrical motor contained in the box 10 There is an automatic cut-off when the plates are 
pressed sufficiently together, the final tightening being made by the hand spokes 9 The hot 
liquid soap flows from the autoclave c (Fig 34^), along the passage i and 2 into the space 
3 in the cooling boxes, and then rises up in each compartment 4, bemg trapped by the 
wooden frames at the top, and the cooling boxes 5 at the sides. The air escapes through the 
outlet valves, which are inserted in the wooden frames (Fig 34^) Each machine cannot be over-filled 
with soap, because the autoclave c has the same capacity as each soap-cooling machine Very 
little soap leakage occurs, because the wooden frames squeeze up tightly against the metal coohng 
boxes, much m the same manner as the plates in a filter press The soap solidifies as a solid block 
in the wooden frames The motor is then started to reverse the screw and separate the plates 
The wooden frames containing the slab of solid soap are lifted out of the machine, the block of soap 
IS thrown upon a truck and carted off to the bar cutting machine These soap-cooling machmes are 
now displacing soap frames in most modern soap factories. 


Causticising Tank used in Soap Works 

The apparatus is shown in Fig. 34A. 

In order to turn soda ash into caustic soda, the lime is broken mto lumps, and placed in the 
iron grids A, A, A. $acks of soda ash are then thrown into the tank mm. Water (or weak 
caustic soda wakings from previous batches) b then run into the tank, and the agitators N, N, N 
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started. Live steam is blown m through the pipe pp in order to heat the liquid. The following 
changes take place : — 

NajjCOj + Ca(OH)2 = 2NaOH + CaCOg. 

Soda Ash Lime. Caustic Calcium 
Soda Carbonate 

The caustic soda solution (6-7 per cent.) is run out through the skimmer bb, and is pumped by 
means of the pump c, through the pipe dd, into the caustic soda settling tanks E, e'. The 
calcium carbonate sludge left in the tank mm is stirred up three times in succession with water, 
and the weak caustic soda washings are pumped up to tank ff, when they can be used instead 
of water in tank a for a fresh charge, or can be pumped up to the lye tank on roof of soap works, 
and used as lye. The caustic soda solution m the tanks e, e' (6 7 per cent. NaOH) is run off 
to an evaporator and concentrated to 20-22 per cent NaOH, when the liquors are stored for 
use in the soap kettle. The calcium carbonate sludge may be burned again for lime, or sold for 
cement, but most soap makers prefer to dump it The tank mm is often used direct for dissolving 
caustic soda. The solid caustic soda is knocked out from the iron drums m which it is placed on 
the market, and placed in the grids a, a, a, and then dissolved in water by starting the agitators 
N> N) N. All these tanks are of sheet iron. 


General Scheme for Modern Soap Factories 

Diagram 34 shows a small factory. A more detailed diagram is Fig 34/, which shows 
modern practice. The oil or tallow m casks i and 2 is run through openings in the floor a, b 
(covered with grids 3 and 4, to catch large objects), into the oil tanks 5 and 6 below These oil 
tanks are fitted with closed steam coils 7 and 8 to keep the oil melted If the oil in the cask has 
solidified [eg , palm oil sometimes is solid, also tallow and hard fats), the casks are steamed out, 
a steam pipe being used for the purpose, which is fitted on to a movable swivel to go into the 
bung of the cask, or to he flat as required. The oil is pumped from the tanks 5 and 6, through 
the pump 9, up tube 10, into the purifier 1 1 (m case of palm oil only), where it is decolorised by 
a stream of air being pumped through it Where this is unnecessary, the oil is pumped directly 
into the soap kettle 12. This is fitted with a swivel jointed skimmer 13, for running off tke soap 
into the wooden troughs 14, 14, 14, where it can be made to flow into the soap frames 15, 15, 15, 
by raising the outlet slides indicated in diagram In modern factories, however, the liquid soap 
IS run direct to the cooling machine autoclave 16, or, if required for making special soaps, into the 
Crutchers 17 

The soap kettle 12 is fitted with open and closed steam coils 18 and 19 Below the soap kettle 
12 are placed the spent lye tank 21 and the semi-spent lye tank 20 Above the soap kettle is the 
lye tank 22 and the caustic soda tank 23, for supplying lye or caustic soda to the contents of the 
kettle. Water taps are also laid on for supplying water to the kettle The semi-spent lye in lank 
20, which IS obtained from the soap, is used over again, but the spent lye in tank 21 is run down 
to the glycenne treating tank 22, which is fitted with a steam coil (closed) and an air mixing coil 
The glycerine is here treated in the usual way with alum, hydrochloric acid, and caustic soda as 
described under glycerine. The glycerine is then pumped through the filter press 24 into the 
settling tank 25. It is here settled and filtered once more into the tank 26, whence it goes to the 
vacuum concentrators 27 and 29, and salt recovery box 28. The salt is taken out of the box 
28, and is used again in salting out the soap, and the concentrated crude glycenne is run off and 
worked up for pure dynamite glycerine, as described later. Tank 30 shows the resin soap kettle. 
The resin and soda ash are placed in the iron tank 30, fitted with open and closed steam coils, and 
IS there boiled up to make the resin soap, which is pumped up through pump 33, along the pipe 
34, into the soap kettle 12 ; 35 is the causticising tank The calcium carbonate sludge is run out 
either mto an iron tank car, or is deposited in a sludge tank The caustic soda (6-7 per cent 
NaOH) IS pumped into the storage tank 36, and is then pumped to the vacuum concentrator 38, 
where it is concentrated to 20-22 per cent. NaOH, and is then pumped back to the storage 
tank 37 It IS pumped up as required into the caustic soda tank 23, and is run mto the soap 
kettle from 23. The washings from the causticising tank 35 are pumped up to 39, and are used 
instead of water or lye in the soap kettle , for this purpose it is pumped back through 22. Some- 
times the washings are used instead of water m the causticising tank 33. 
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J Soap-making: Processes where the Glycerol is set free but not 
o separated from the Soap 

These processes suffer from the economic disadvantage that the glycerol —a 
valuable product — is retained by the soap, and so is lost They may be divided 
into three classes, (a) Cold Process Soaps, (p) Hydrated Soaps (which 
include marine ”) and “ Soft ” Soaps ; (c) High Pressure Soaps. 

(a) Cold Process Soaps. — Certain fats, principally those of the cocoa-nut 
oil and castor oil group, have the valuable property of being directly converted 
into soap at ordinary temperatures when mixed with concentrated caustic soda 
(sp gr. I 33, or 66“ Twaddel, containing 24 per cent NaOH), thus forming ‘‘Cold 
Process ” soap. 

The fat is weighed into an iron vessel provided with stirring apparatus, and is 
brought to the proper temperature (65* C in cold weather, 50* C in hot), and 
then the calculated amount of concentrated caustic soda or potash (or a mixture 
of both) is rapidly run into the vessel, and the whole thoroughly stirred until the 
soap begins to thicken 

If fillers are to be used, the intended amount of scent, sodium silicate, and 
sodium or potassium carbonate solution (“ soda-ash lye or “ pearl ash *’) is now 
stirred in , the mixture becomes thinner, and after a few minutes becomes thick 
The paste is then run out into a wooden frame, and well covered up to keep 
in the heat Combination proceeds in the frame, considerable warmth is evolved, 
and the mixture swells up, soap being gradually produced according to the 
equation — 

QH ,(0 CO R)3 + sNaOM = C3H5(OH)5 + 3R COONa 

Fatty oil Caustic Glycerol Soap 

soda. 

R represents the radicle of the fatty acid 

With small batches the process may be complete in two days Usually, 
however, a week or more is allowed to elapse 

The great disadvantages of the “ Cold Process ” method are — 

1 Complete combination of fat and alkali are seldom secured , such soaps usually contain free 
alkali and unchanged fat 

2 The glycerol — 2. valuable commercial product —is retained in the soap and so is lost 

The advantages are great simplicity in plant and operation , great rapidity of production 

The amount of soap — principally cheap scented toilet soap — made by this process is smalL 
Some transparent soaps are also made this way 


(b) Hydrated Soaps, Soft Soaps — Soft Soaps (see p 1 1 7) are prepared 
by boiling together caustic potash and suitable ods at ordinary pressures until a 
sample when cold sets to a clear translucent mass The mass is then boiled 
down until sufficiently concentrated and is put up in barrels, canisters, or drums 
for sale. They form soft, jelly-like masses. Hydrated soaps are manufactured 
in the same way as soft soap, but caustic soda is used instead of potash, and the 
fatty materials so chosen as to yield hard opaque products Marine soaps 
(which see) are made this way from cocoa-nut oils (p 116) 

In order to produce a practically neutral soap, the quantity of caustic soda 
required for saponification must be carefully calculated from the saponification 
value of the fatty material employed. If proper quantities are taken it is quite 
possible to produce a practically neutral soap by careful working 

It IS remarkable that other oils and fats, tallow, which alone cannot be saponified in the 
cold by concentrated caustic soda solution, are rei^ly saponified when incorporated with oils of the 
cocoa-nut oil group, the heat which is evolved on the saponification of these latter oils apparently 
aiding the conversion of the former mto soap The process is essentially a rapid one. Lambom 
states that for a i,o<x> lb frame the caustic soda must be run into the feit in one and a half to two 
minutes, the silicate m the same time, and the stirring (**crutchmg”) must be rapid and thorough 
for twelve to sixteen minutes. It is sometimes done by hand. 



io8 INDUSTRIAL CHEMISTRY 


Every inaBfi&ctarer employs his own formula, 
loap are : — 

No, I. 

75 lbs, tallow, 

25 lbs. cocoa-nut oil (Ceylon). 

75 11^. caustic soda lye, 35.5* Be., made 
from 74 per cent, caustic soda, 

125 lbs, “N” silicate of soda. 

20 lbs. potassium carbonate solution, 36** Be. 
Yield— 320 lbs. soap. 


Two typical ones for hard crutched cold process 
No. 3 . 

75 lbs tallow. 

25 lbs. cocoa-nut oil. 

70 lbs caustic soda lye, 35* 5* Be » made from 
74 per cent, caustic soda 
100 lbs. ** N ** sodium sihcate 
17 lbs. potassium carbonate lye, 36® Be. 
Yield— 288 lbs soap. 


When cold and hard the soap is taken out of the frame and cut into bars and pressed into tablets 
m the usual way (see pp. 104, 105}. 


{c) Hydrated Soaps prepared under Pressure. — Here the fatty matters 
and caustic soda are simply heated together under high-pressure steam in autoclaves, 
the object being to cause the reaction to occur at a more elevated temperature and 
pressure in order to shorten the time of reaction and to simplify the procedure. In 
some processes the caustic soda and fat are pumped continuously into the boiler, 
and the finished soap pumped out simultaneously through a weighted exit valve, 
the process being a continuous one Bennet & Gibbs use sodium carbonate 
solution, which, at a steam pressure of 15-20 atmospheres, corresponding to 190®- 
215“ C in the autoclave, readily saponifies the fat. 


Soap Making by Direct Neutralisation of Fatty Acids 
with Alkalis 

These processes are ^growing in importance. 

Since soaps are simply salts of fatty acids, obviously the most direct and simplest 
way to produce them is to directly neutralise the free fatty acids with caustic alkali 
or alkahne carbonates. 

If caustic soda is used the process is very simple The caustic soda is placed 
in a mixing machine (‘‘crutcher the stirring apparatus set into rapid moticJn, and 
the fatty acids added in a rapid stream so that the entire charge is added in two to 
three minutes. Combination takes place thus . — 

R COOH + NaOH = R COONa + HgO 

Fatty acid Caustic soda. Soap. Water. 

R represents the radicle of the fatty acid 

After five to ten minutes the mixture thickens, and “filling” (such as sodium 
silicate or sodium carbonate) is added. The temperature must not exceed 60® C 
The mixing (“crutchmg”) should proceed rapidly for fifteen to thirty minutes, the 
temperature being maintained between 60® C. and 70® C. by means of steam in the 
jacket with which the mixing machine is provided. The soap is then run into 
frames and allowed to cool. 

A slight excess of alkali is necessary for complete combination For certam textile soaps this 
does not matter. If a gramed neutral soap is reouired the soap may be salted out with brine, and 
fitted ” as desenbed on p 103 In practice tne fatty acid is always run into the alkali, and not 
-tee versdf otherwise lumps are formed and the reaction does not proceed so smoothly. 

If sodium carbonate is used instead of caustic the process becomes more 
troublesome ; CO2 is evolved thus : — 

2R.COOH + NaoCO, « 2R.C00Na + COg 

Fatty aad. Soaium Soap. Carbon 

carbonate dioxide 

The CO3 liberated is a source of trouble, since it causes the liquid to froth up, and 
consequently the mixing pan must be fitted with a large movable “ curb ” — barrel 
or funnel-shaped top — in order to retain the froth, and the heating must be carried 
out slowly to prevent frothmg over. The solution must be boiled until all the 
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sodium carbonate -has been neutralised and the CO2 gas expelled. Then caustic 
soda is added and the soap boiled until it no longer absorbs more. Fmally the 
soap IS grained out with salt in the ordinary way. 

Sodium carbonate is cheaper than caustic soda, nevertheless most manufacturers prefer caustic 
soda — especially as it is now manufactured so cheaply by electrolytic and other processes — smce 
they consider that the slight saving in cost by using sodium carbonate is more than outweighed 
by the increased trouble and expense of working 

The fatty acids employed until recently were almost entirely confined to the 
** red oils ” of the candle-maker (/ e , oleic acid), and the resulting soaps were used 
for textile purposes and as the basis of certain soap powders. Within recent years, 
however, fatty acids have been obtained by first decomposing the fats and oils 
constituting ordinary soap stock by “ Twitche/Ps ” or some similar process (see p 92), 
and the glycerol recovered, then the fatty acids so obtained are converted into 
soap by direct neutralisation as above described 

The ^eat advantages of this latter method (which will in the near future probably entirely 
displace the older processes of soap-making) are ( i ) the glycerol is recovered from the fats before 
making them into soap^ being immediately obtained in a concentrated and fairly pure form, which 
permits of its being worked up into the pure product far more easily and economically than when 
obtained from the impure soap lye of the ordinary method of making soap by boiling fats with 
alkalies (2) The resulting operations of combining the fatty acids with caustic soda are rapidly and 
easily performed. 

Fatty Acids are especially well adapted for making soft soaps with potash, for 
the glycerol in the original fat is recovered before treating the fatty acid with potash 
(see Twitcheirs Process) In the ordinary way of making soft potash soaps by 
treating a neutral fat with potash and boiling down, all the glycerol is retained in 
the soap and so is completely lost. 

Other Methods of Soap-Making — Many attempts have been made to saponify fats or oils 
with lime, thereby producing an insoluble Ca soap + glycerol water, filtenng off the glycerol water 
and working it up for pure glycerol , then converting the insoluble Ca soap remaining into ordinary 
soap by treating with Na^CO, — Ca soap -|-Na2CO,= soda soap-f CaCOg, and filtenng off the 
• precipitated CaCOj This is Krebit^s Process, See Krebitz, English Patents, 4,092, 1905 ; 4,o92A, 
1905 0arb6 and Garelli (English Patent, 12,210, 1907) heat fats with ammonia under pressure, 
thereby producing ammomum soaps and glycerol The ammonia soaps are now decomposed by 
steam, tne ammonia being boiled off, condensed, and used again The free fatty acids float on 
the surface of the glycerm water and are separated by decantation and converted mto soap by 
direct treatment with NaOH ; or the ammonia soaps are directly decomposed a sodium saU . — 
2NH4 soap -l-NaaS04=s sodium soap-|-(NH4)8S04 (see pp 93, 99) 


Characteristics of Soap made from Different Classes of Soap Stock 

Soap stock may be divided into the following classes, all of which exhibit 
well-defined chemical and physical differences — 

Classification of Soap Stock 


I 

2 

3 

4 

S 

Cocoa-nut oil. 
Palm-kernel oil. 

Olive oil. 

Olive oil foots 
Cotton-seed oil 
Pea-nut oil. 
Sun-flower oiL 
Corn oil. 

Tallow 
Greases. 
Palm oil 

Castor oiL 
Linseed oil. 

Red oil. 
Rosin. 


Class X. Cocoa-nut and Palm-kernel Oils.— These oils saponify with 
great rapidity at ordinary temperatures with cold concentrated caustic soda or 
potash, with the evolution of much heat This property peculiarly adapts them 
for soap manufacture by the cold process. Weak caustic soda solution, is* Be., 
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such as is used in the saponification of tallow, scarcely affects these oils in the cold, 
while lye of 20® Be. at least is required for making them into soap by the boiling 
process. These oils are characterised by the large amounts of glycerfdes of low 
molecular weight they contain , consequently they absorb more alkali and liberate 
more glycerol (12 per cent ) and give a firmer and higher yield of soap than any 
other oils used in soap-making The addition of cocoa-nut oil to tallow and cotton- 
seed oil in manufacturing settled (“grained"’) soap, yields a soap much superior to 
that produced from either stock alone. 

Cocoa-nut oil soap is white, hard, and brittle, and gives a quick, profuse, but thin lather witli 
both salt and fresh water. The soap is capable of absorbing enormous amounts of water and 
mineral matter (“filhng,” such as sodium carbonate and sodium silicate), yielding a firm soap 
It requires a very large amount of salt to throw it out of solution, being very soluble both in 
fresh and salt water, and thus is a “marine** soap A 50 per cent cocoa-nut oil soap requires 
15-20 per cent, of salt in the stock lye to throw it out of solution, against 7-10 per cent 
required for ordinary tallow stock The graining of pure cocoa-nut oil soap with salt is very 
unsatisfactory. Such soaps, unless very carefully saponin ed, become rancid with age 

Class 2. Olive, Cotton-seed, and Corn Oils. — All these oils consist 
principally of olem — the glyceride of oleic acid 

Olive oil saponifies readily with lyes of very different densities, yielding a 
greenish-coloured soap, called “Castile,” which gives a thin, slimy but abundant 
lather peculiar to all soaps containing much oleate The soap is an ideal one for 
toilet or textile purposes, but is very expensive Refined COtton-seed oil saponifies 
with difficulty, yielding a soap which, unless very carefully saponified, suffers a very 
rapid deterioration, becoming discoloured and rancid on keeping Containing 
much olein, the oil yields a thin soap lacking the body of tallow soap , by mixing 
with large proportions of soda-ash and sodium silicate, a firm soap is produced, 
which is much used in the United States as a laundry soap 

All soaps consisting principally of sodium oleate (for example, olive-oil and cotton -oil soaps) are 
much more soluble in water than soaps made from tallow, and therefore containing much sodium 
stearate Moreover, such oleate soaps readily absorb moisture from the air, and thus give rise to 
“sweating.** The yield of glycerol is about 10 per cent. 

Class 3. Tallow, Palm Oil, Greases. — The principal glycerides present 
are stearin and palmitin Tallow is readily saponified with weak lye, between 10®- 
15° Be., and yields a firm soap of good body, and easily grained by 7-10 per cent 
of salt in the lye. The soap is one of the least soluble, and it yields an inferior but 
persistent lather, excellent for shaving purposes, but overlooked by the public, who 
demand a freely lathering soap On ageing, tallow soap becomes so hard that it 
may injure fabrics It is best mixed with other stock, imparting body and firmness 
to the resulting soaps Palm oil contains much palmitin, and in general properties 
produces a soap much like tallow soap. It yields a slow but thick and lasting 
lather Is a good textile soap. These oils yield about 9 per cent of glycerol 

Class 4. Linseed and Castor Oils are very readily saponified, yielding a 
quick-lathenng, very soluble soap, of pale brown colour and characteristic odour 
The oils are used for making transparent soaps and for the green Sapo verdtgrts 
of pharmacy. 

Class 5 » Oil Rosin. — Red oil is commercial oleic acid, and 

consequently directly combines with caustic soda or sodium carbonate to produce 
the soap sodium oleate. '"Red oil, or olein soap, is much used in the textile industry, 
being similar to the soaps discussed under Class 2 (which see). Rosin is also an 
acid body, and consequently directly combines either with caustic soda or sodium 
carbonate to produce a soap which, although possessing valuable detergent pro 
perties, is very hygroscopic, very soluble in water, and soft. The presence of rosin 
in other soaps is betrayed by a stickiness and a readiness to “sweat.” Rosin soaps 
added to tallow soaps modify their hardness and improve their properties for many 
purposes. Rosin must not be used as a constituent of textile soaps (which see, 
p. 1 14). 
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Various Kinds of Soaps 



Milled'Soapi Toilet Soap. — The best toilet soaps are manufactured by the 
process of milling, whereby they acquire a finish and quality otherwise unattainable. 
Soaps thus manufactured are certainly the most economical, since they contain no 
moisture and consequently do not shrink or 
lose weight (as do all toilet soaps not milled). 

Moreover, they improve on keeping — other 
soaps usually deteriorating. The soap must be 
a grained, settled soap, of good quality, and 
perfectly neutral (0.3 per cent. NaXOg and 0.5 
per cent. NaOH are the utmost limits allow- 
able). The racked and fairly dry bars of soap 
are cut into shavings by a rotatory cutting 
machine (“soap-chipper’’) and these are dried 
by steam in a drying-room until the water is 
reduced from 30 per cent, (the usual amount 
in freshly made soap) to anything between 14 
per cent, and 3 per cent. 

The dried shavings are then mixed with 
the necessary colouring matters and perfumes 
in a zinc-lined box, and then are ground in a 
Toilet Soap Mill, which consists of polished 
stone rollers of the best Quincey granite, 
arranged horizontally or with a pitch as shown. 

The soap as it comes from the last roll is 
detached by a knife, and comes out as trans- 
lucent homogeneous ribbons of the thickness 
of paper. Three or four millings are enough 
for a cheap soap, and seven or eight for yig, 35.— Hand Soap Press, 
better quality soaps. From the mill the mass (Houchin, New York.) 

of soap* ribbons is fed into the “plodder,” 

where, by means of a spiral screw, the mass is forced under great pressure 
through a number of holes in a plate, so that the soap passes this part of the 
machine in the form of a number of thick threads, which are again squeezed 
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coates<;e to come o«t of the ^o4der taOuth m the feriji of a mntihaoos 
two, Sometimes it is necessary to warm the mouthpiece of the plodder (which it 
p^Oirioed With h water laclcet and a small Buttsen burner) m order tlftit the soap 
he aowewratt ao^ned and thus pass through the perforations of the disc 

Wnf bwleii by ftocctsfitfe molutidiis of the icmw 
tit poicelim Imtd 

rhe eottitittou^ bit of sutp mt aotomttically as it eomts forth ftoia the 



plodder into pieces^ each 

weighiof tbottt 4 m , wbiei 
thea rapidly ttsiiiped 
lo prestet ittto the owl 
tablets in which toilet soap 

IS sold 

Cotthttttous SoapJawag 
Apf«mti» pfo«^ of 

t«lel soap ffltalciftg* at ilescjrilied 

I reqimres at mwn 

dA>s The period m%f be re 
doetd 10 only tm to MUm 
Ttimtm by eiaploj mg the sptcml j 
nmchiae ilhihtriitt.d m Fig 39, j 
whcrety the letiglhy proeestes 
of framing, stabbmg, aitting, 
a$ It comt from 3 ic kutle or cratcher 
ireu aowii a hopper sarrimmling a tenet of water 
eools and tohdtnts is dttachta by kiiwts m the 
terms of endlets belts of wire cloth enclosed in a 
euaily is rtpidly dried and droppn^ npon 

nu, It ftnaily ditchatged with itt water ndnetd to 
n are then pavted on to the mill and plodder in tht 
large scale lor the manufacture of soap chim ^ aiicl 



liCr ji -wfPWdtf atttomstm anrangement for enilint the 

a $mp irttn smal pi«^ fm $mmpng ( 1 ^ t Co ^ |)rSt«iid 
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hot air, are gratly warmed in a shH with an equal weight of ri^fied spirit (heating 
the soap IS dissolved The excess of alcohol is^tffi oa 
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39* — Continuous Soap-Drying Apparatus 
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cut into pieces, pressed, and rilotdi to Benson in dry air. The best, bat most 
soap % prodaced. 

^ Witti iUcdhot and dlyeeroi or Sugar.— These and the succeeding 
classes of soRps ate best flwde by the *‘cold process,” from about equal parts of 
co«>a nut oil and taltow, together with a quantity of castor oil , the latter oil greatly 
eonduM to the wanspaiency and at the same time diminishes the quantity of 
alcohol, glycerol, or so^ needed for transparency 

The metteii #ts we placed m a steam jacketed emudief,l«»ted to so* C , and the proper amount 
of Ire at 38* Be tmsed in On standing for ewer three hours, the temperature rises spontaneowly 
m OW 80* C Any giyvwol is miked in belewe adding the lye Alcohol should be mixed m after 

tit btfor# After tlit peitt4 of sttniiaf » 

at M C are fwit m After tftt wtii h 

stiiii wWt wwples aw tAwi f itiaftf tht tmp ^ tun m% into frtiiieit t^wg it»mel 
m It m Wlitt and »l«l it is cut anti 
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Textile Soaps 

A Soap for Scouring Raw Wool must dissolve fredy »ii so*«5s' C., 
quite neutml (free alkali ctetenorates wool), free from uncombmed fat, without 
rosin, so^utn wimtte, mineral oil, er other filling material. It should tM contain 
motette SO per Wnl wsder, must be free from nitrobenzene or other |»e«fumttt|i: 
stuff j It must not have an uni^easant smell when nibbed m the i^m m the hand 
A neutM stxJa aoap, made frbm red # folwc aad) and sodmm carbonate^ » much 
used A neutral ohve'Ojl potash soap m best, but frm ftsf^ive e*<»pt for the 
veiy best quaHiy gtmds, Cocoa.rmt and imttoneeed soaps ate useless unless tl«nf 
am quite free |fmm odoar, whii*^ otherwise perslsta in the fimshm! goods* Cotton- 
seed and coiB-oil soaps (made from seroi-drytog stock) are diimilt to removsi 
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impart cloudiness to the milled wool, as well as causing odour and stickiness. 
Palm*oil soap is superior to pure tallow soap, the latter being somewhat insoluble. 

A Sillc Textile Soap must contain no free caustic soda or potash, but may 
possess a very slight degree of alkalinity due to a trace of sodium or potassium 
carbonate. A neutral potash soap from olive or lard oil is often used, as well 
as the cheaper soda olive-oil soap, and hard or soft palm-oil soap. Tallow soaps 
are unsuitable, as also are cotton-seed oil soaps. Soaps made from red oil (oleic 
acid) are suitable. 

A Cotton Textile Soap, for which there is little demand, may contain dilute 
alkalis, since cotton is not injured by dilute caustic soda. 

A Soap for Printers' Use must be fairly soluble m water, and so palm, olive, 
and cocoa-nut oil soaps are used instead of tallow soap Such soap must be quite 
neutral, since free alkali may alter the colours or cause them to “ bleed ” Rosin, 
cotton-seed oil, and linseed-oil soaps cause colours to bleed, and so are unsuitable 
Also the soaps must not impart any odour to the cloth. 

A Soap for the Woollen Dyer may be made from tallow, palm, or olive 
oil, and be of a very slight degree of alkalinity. Before woollen cloths or yarns 
are dyed any oil they contain must be removed by soaking them in a very common 
soap, usually made from bone fat and cotton-seed oil, and slightly alkaline in 
reaction 

Soap Powders, Dry Soaps, Washing Powders.— Soap powder supplies 
the demand for a cheap quick detergent for cleansing coarse articles. It is a 
mixture of soap (usually made from low-grade grease) and soda-ash The soda- 
ash takes up water of crystallisation, and this dries the soap. Without the addition 
of the soda-ash it is difficult to produce a true soap powder from pure soap Rosin 
cannot be used, because, owing to the deliquescence of rosin soap, the soap powder 
becomes lumpy. The soap, grained, separated from the waste lye, closed, and 
finished very thin, is run directly from the kettle into the mixing machine (crutcher), 
and then the sodium carbonate (soda-ash) added in successive amounts until the 
proper quantity is present, and finally the sodium silicate is usually added The 
usual proportions are 600 lbs. soap, 600 lbs soda-ash, 100 lbs sodium silicate. 
After mixing thoroughly, the mass is run into frames in the usual way, in some 
establishments it is poured in a layer over the floor, and the mass, when cold 
and firm, is broken into lumps, which are then smashed into small pieces m a 
disintegrator, and finally the fragments are ground to a fine powder in a special 
mill, and the powder stored either in casks or in cardboard cartoons. Sometimes 
sand, sodium sulphate, fullers’ earth, talc, etc , are added to soaps of this nature. 

A rapid method of manufacture, now adopted in most large establishments, is to pour the fluid 
soap direct from the crutcher into the hopper of the continuous soap-drying machine described 
on p. 1 12, whereby the soap is discharged, dried and disintegrated, ready for grinding, in ten to 
fifteen minutes from the time of entering the machine. Thus the tedious processes of framing, 
cooling, slabbing, etc., which occupy several days, are entirely avoided 

Peroxide Soaps. — Many efforts have been made to manufacture soaps 
containing active oxygen, as such soaps have valuable disinfecting and bleaching 
properties. Thus Henderson (English Patent, 14,784, 1906) treats cocoa-nut oil, 
prior to the manufacture of soap, with ozonised air, and the soap made with the 
product has an oxidising and antiseptic action, and is free from a cocoa-nut smell. 

Wolffenstem (English Patent, 16,823, 1908) produces non-aikaline soap 
preparations containing oxygen as peroxide by causing free fatty acids to act 
at loo** C. upon alkali salts of peracids, such as sodium percarbonate, perborate, 
persulphate, etc. It is very remarkable that the salts of the peracids are stable 
enough to be used thus. The soaps have bleaching and disinfecting properties. 
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Byx (English Patent, 7495, 1909) dehydrates sodium perborate, and mixes it 
with fatty acids. The product is said to be stable. See also English Patents, 
15,900, 1907; 7,619, 1909. 

These methods promise to become industrially important. 

Scouring^ Soap Base is best made from cocoa-nut oil. The glycerol, 
amounting to over 1 2 per cent., should be separated Cocoa-nut oil requires for 
saponification by the boiled process caustic lye of at least 20® Be The oil is first 
added to the kettle, then much lye at 20® Be is run in Saponification rapidly 
ensues. If too little lye is present the mass tends to thicken in the kettle , in this 
case more steam is admitted and lye rapidly added Towards the end of the 
operation lye at 25® Be. is added Cocoa-nut oil soap requires more salt to gram 
than ordinary soap, and may on the first boiling be grained with strong lye up to 
35* Be., and the lye (strongly alkaline) separated may be used for saponifying a fresh 
quantity of oil. The second graining is with salt Then the soap is closed with 
water, grained with 20° Be lye, boiled as on the strengthening charge, the lye 
withdrawn, and the soap finished by adding water, when it is ready to be used for 
mixing. 

Castile Soap is made by settling a pure olive-oil soda soap Owing to the 
high price of olive oil it is usually, in part, replaced by pea-nut, cotton-seed, or light- 
coloured red oil A good imitation Castile soap consists of 65 per cent olive oil 
and 35 per cent, tallow The green colour is sometimes enhanced by adding 
chlorophyll compound 

Marine or Salt-water Soap is made from cocoa-nut oil, as described under 
“scouring soap” base. The cocoa-nut oil soap is a very firm one, which is easily 
soluble both in fresh and salt water, and yields a profuse lather. The soap must 
be free from filling of any kind, entirely soluble in salt water, ?nust not contain more 
than 3 per cent free sodium carbonate, o 5 per cent free caustic soda, 0.3 per cent, 
salt, o 5 per cent, mineral matter (silicate of soda, sodium sulphate, etc), 55 per 
cent, water. 

Protein Soaps. — When protein matter — ^such as that contained in the germ of various cereals, 
oatmeal, rice gluten, etc — is acted on by concentrated NaOH solution, the soap of amino acids 
IS produced which may be used as a substitute for marine soap, being said to leave no odour and to 
waidi better in brine than manne soap See English Patents, 17,999, 1905 , 23,546, 1905 , e; 620, 
1909; 20,089, 1909 

Mottled Soap is made from ordinary settled soap of good quality by finishing 
thin, and adding insoluble colouring matter (Venetian red, ultramarine blue, yellow 
ochre, copperas or ferrous sulphate) in the proportion 4-8 oz to 100 lbs of soap , 
the soap is well boiled up, and run into hot frames and crutched by hand until the 
temperature sinks to 60® C , when all danger of the mottling agent sinking to the 
bottom IS passed On slowly cooling, the soap crystallises out, and the pigment 
IS expelled from the crystallising soap into portions which are still fluid, and this 
portion finally cooling, the foreign matter remains mixed with the softer or more 
fluid soap. To obtain a good mottle the soap must at first be very fluid, and must 
slowly cool in order that the crystallising should not be too rapid, otherwise only 
a discoloration or a very fine mottle results. Such mottled soap is usually made 
in small batches as it is difficult to incorporate the pigment evenly throughout a 
large mass of soap. 

Settled Rosined Soap is made as described on p. 103, and is the one 
generally used for ordinary washing purposes, since the rosin imparts to the hard 
tallow soap softness and lathering power, besides being of considerable detergent 
value itself. For certain purposes, however, the presence of rosin in soap is very 
injurious. 
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Pure Rosin Soap, sodium rosmate — prepared by dissolving colophony 
(ordinary rosin) in caustic soda— is used on a large scale for paper sizing (see Paper 
Making). Jt is described on p 199 under Paper Making. 

Potassium Soaps, Soft Soaps. — Soft soap is sometimes defined as soap 
made from low-melting point stock by use of caustic potash. Such soap is semi- 
transparent, soft, unctuous, and very soluble m water and deliquescent. It must 
be noted, however, that while all potassium soaps are soft, some sodium salts now 
manufactured are also quite soft (see p 107) 

Linseed oil, cotton-seed oil, com oil, olive oil, olive-oil foots mixed with tallow, and tallow, are 
the stocks usually used. 

A potash linseed -oil soap retains its transparency throughout summer and winter Rosin may be 
used in very small proportions to increase its lathering and detergent qualities Red oil forms a good, 
odourless potash soap ; tallow produces a white potash soap 

The saponification is completed in the usual way, but without graining, and the soap is run 
through the crutcher directly into barrels and stored in a cool place The gly cerol is thus usually 
retained in the soap Usually 100 lbs of stock yield 225-250 lbs of potash soap About 30 lbs 
of potassium chlonde can be incorporated, giving a yield of 270-280 lbs Higher yields than this are 
obtained by adding a binding agent, such as starch Fillings of chlorides, carbonates, and silicates 
of potassium and sodium are used, the sodium salts, however, being less preferable Soap powder 
has displaced these soaps 

Floating Soap is made by churning up a pure white settled and perfectly 
neutral soap (best made from tallow mixed with 25 per cent, cocoa-nut oil) in a 
special crutcher, the whole being heated about 80“ C. The soap is beaten up into 
a froth and air incorporated with it to such an extent that the mass is lighter than 
water 

Shaving Soap is made from the best edible tallow by the grained process ; it 
must be perfectly neutral Cotton-seed and cocoa-nut oils are unsuitable as stock 
ingredients The lye used for saponification usually consists of 25 per cent KOH 
and 75 per cent NaOH The soap should contain very little water, and must be 
milled During milling 8-10 per cent of glycerol and i per cent, of tragacanth 
gum (which gives a permanent lather) are introduced 

Medicated Soap consists of ordinary soap mixed with small quantities of 
disinfecting or germicidal agents, such as phenol, cresol, etc Almost invariably 
they are quite useless for the purpose for which they are intended, being scarcely 
more effective than a pure neutral soap, which itself has a considerable germicidal 
action, and is a valuable, although slow, disinfectant 

Formaline Soaps — Liquid formaline soap consists of 10-25 
formaline added to olive oil, alcohol, and essential oils. Solid formaline soap 
consists of 5 per cent, paraformaldehyde added to soap Strong disinfectant 

Iso Soap IS a solid sulphonic derivative of castor oil. Gives clear neutral 
solution, and forms, even with the hardest water, no insoluble lime salts Hence 
IS used for washing, dressing, bleaching, etc , in textile trades 

Filling Agents 

A very great number of substances are incorporated into soap. 

Rosin IS a proper constituent of soap, the sodium salts of the rosin acids 
possessing valuable detergent properties 

Sodium Silicate and Borate also possess detergent properties, but are often 
used in such large quantities in the cheaper soaps as to almost be regarded as 
adulterants. Silicated soaps harden on ageing, the silicates imparting firmness to 
a soft inferior soap. Ultimately such soaps become stonelike as regards hardness. 
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Petroleum Naphtha, to the extent of 10 per cent., is sometimes incorporated 
in soap in order to increase its detergent action. The petroleum is mixed with a 
rosin soap mass, and the mixture added to the common soap. 

^ Colouring Matters and perfumes (ethereal oils) are added, either to disguise 
inferior and evil-smelling and discoloured soap, or to please intending buyers. 

Scouring Soaps often contain sand, kieselguhr, powdered pumice, etc. 
Some soaps contain sulphur, flour, talc, china clay, salt, etc. etc. 

Persulphates, Percarbonates, and Perborates have been added to 
soaps in order to give them bleaching and disinfecting properties (see Peroxide 
Soaps, p. ns). 

Statistics. — ^The following numbers show the amount of soap exported by the United Kingdom 
in 1910 : — 



Cwt. 

Value. 

Soft soap ..... 

Household and laundry soap in bars or tablets 
Polishing and scouring soap 

Soap powder - - - - - 

Toilet soap ..... 
Other sorts (including cotton-seed oil soap) 

Total of soap 

32,116 

i>345>598 

9,867 

26,478 

74,145 

4,259 

;£24.487 

1.357,776 

16,070 

30.790 

357.781 

10,639 

i, 49«.463 

;Ci.797.543 


The value of the imported soap in 1910 (principally household or laundry) was 454, 00a 
The CTeater part of the soap produced in the United Kingdom is consumed at home 

The United States in 1910 imported 3,928,000 lbs (value, 499,000 dols ) of toilet and fancy 
soap, and $247,000 worth of other varieties The export m the same year was . — Toilet or fancy 
soapy valucy $1,480,000 Other kinds y 45,716,000 lbs ValuCy $2,141,000. 
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Rosm — To detect rosin, dissolve some of the ftitty acids above separated m warm acetic 
anhydride, cooly run in slowly sulphuric acid of sp gr I 53 (made by mixing 34 7 c c. concentrated 
H2SO4 with 37 5 c c. water, and cooling) A fugitive violet colour indicates rosin. Cholesterol 
gives same reaction, and should be removed m onginal soap before liberating the fatty acids by 
shaking out with ether 

To estimate rosin, weigh 2-3 g of liberated and dried fatty acids into a flask, dissolve in ten 
times their volume absolute alcohol (not 90 per cent alcohol), cool flask m cold water and dnve for 
forty-five minutes a current of dry HCl gas through the liquid, stand for one hour, dilute with five 
times the volume of water, boil till clear, extract thoroughly in a separating funnel with ether, 
separate ethereal extract which contains the rosin, wash with water until all HCl is removed from 
It (test wash water with AgNOs), add 50 c c alcohol, and titrate with standard NaOH, using 

phcnolphthalem as indicator. Each c.c. of — NaOH used up corresponds to o 346 g rosm. 


Glycerol. — For detection and estimation, see GlyceroL 

Sugar is sometimes present to 25 per cent, m cheap transparent soap. Estimate in usual way 
with Fehhng’s solution, diluting to avoid oxidation of glycerol If much glycerol is present add 
slaked hme to combme with the su^r, add same amount of washed and recently ignited sand, boil 
down to a syrup, cool, pulverise, eimaust in a corked flask with 8o-ioo c c. of alcohol-ether mixture 
(in equal volumes). The solution contains the glycerol (free from sugar), which js estimated by 
evaporating in usual way. 

Starch is detected by a microscopical examination of residue insoluble m alcohol. Confirm by 
iodine test For estimation see Starch. 


Dextrine contamed m the water solution with the sugar is estimated by precipitating with 
alcohol, stimng vi^rouslv with a glass rod m a weighed beaker, pouring off the aqueous uquor, 
washing residue wim alconol, drying at 100* C., and weighing. 

Gelatiiie is detected by washing the alcohol-ether insoluble residue with hot water, and testing 
filtrate with tannic acid. 




INDUSTRIAL CHEMISTRY 



^ vO lO 


8 8 8 8^ ^ 



OOOOoo»^e»oo»r>u-!^Q 8 
to-t^-voo N*o\e5 O 

*ot>.'«0'0 '•to '^r^vo « N 


N N i-tso O\>^5:}000 QO^ 
OOOC MOO |-<^>O^Ow O^0'^ 

OnQnO Q''-nQ\^Q On^nQ Qs 
^0^0^^0 C^'O'O OS 





00 

o 

o 


O 

o 

00 

M 

8 

Q 


8 

M 


Ml 

M 


M 

m 

«>. 

m 

00 

N 


'«!■ 

CO 

VO 

00 

r>. 

00 

Ov 

00 

N 

00 

1^ 

M 


m 

M 

f>. 


CO 

m 

<n 

Ml 

<n 


M 

fn 

fn 

cn 

Ti- 



vn 

M 

lO 

“8 


VO 


0 

vO 

VO 

SD 

u-> 


N 

O 

m 

o 


o 

en 



M 



O 

o 

M 

O 


►*» 




o 

0 

o 

o 

O 

o 

O 

O 

0 

o 

d 

o 

0 

0 

0 

0 


OOOO^OOOOmmM 



o o o o 


O M o o o o 


5;s?s?5:®'«^ON'N*oom>s,* 00 

OOOOMgtogf-M^ 0\ 


S?S3!> '^vDvDMOM^rfMNrj^'^ Q 

OO OOO ^o00^'<^0^0''t‘^000 o 
OO MOOO'OOu'>oOOOO c^ 



OOM Ofnoo QOOr^tnvovO-^MQOinvO 

0^00 cSmOn 0»OM'Oi>.t<^h-iMOt'»Mro 

OOVO vovor^ ^>.^«»^xVO»OvOT^^Nvr^*:^^»,M 


t>0 tOOvOOOONMi-QOMVOQ M 

wen a\wvoMooa^^o^Mo^ocS 

Ox'-'MO'OOOvMOOOONfnO 


O O -g 



o 

fo ^ ^ 


4 ‘'o J. 

S o tn o 

> V s 

O U du 


. o 

^ z o 
525 

-r ^ - 


2 *S 3 S ^ o 2 

llllll-s 

O S Ph »S c/3 O P-t 
















ANALYSIS OF SOAP 


I2I 


Phenol or Cresol in soap is roughly estimated by dissolving lOO g of soap in hot water, making 
alkaline with NaOH, precipitating soap with salt, filtering on soap and washing it on filter with 
saturated brine, boiling down the brine solution, precipitating any dissolved soap again with 
brine, filtenngj»bojling filtrate to small bulk, transferring solution to a 50 c c stoppered graduated 
cylinder, adding salt so that some remains undissolved, acidifying with sulphung acid, and reading 
off the volume of separated phenols, each c c. representing i g of phenol For greater accuracy 
dissolve the phenols in ether, distil off ether, and estimate by Koppeshaaf^s method 

For further details the reader should consult one of the larger treatises on 
soap, or Alienas “ Commercial Organic Analysis 

Acknowledgments. — The author has pleasure in thanking Mr W. H. 
Stephens, ARCS., for expert advice regarding the newer processes employed in 
the soap industry. 
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XL— GLYCEROL OR GLYCERIN 

By G Martin, Ph.D., D.Sc. 
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METHODS OF OBTAINING GLYCEROL FROM WASTE 

SOAP LYES 

The waste lye as discharged from the soap kettle should contain 4-8 oer 
glycerol, and be nearly neutral (004-04 per cent NaOH are TTmits of 
alkalimetry), otherwise much valuable acid will be wasted in neutralising the excess 
of alkali. The greater the inferiority of the stock used m the manufacture of soap 
the greater will be cost of recovery of the glycerol present in the lye, both on 
account of the great amount of foreign organic matter present m the lye, which 
must be removed, and also because of the smaller amount of glycerol present in 
the stock. 

Two systems are at present m vogue for glycerol recovery, namely: — 

I. Van Ruymbeke^s Process. 

2 Garngue’s Process 

We will discuss each in turn. 

Van Ruymbeke's Process of Glycerol Recovery 

• 

The waste lye reduced to its lowest practicable degree of alkalimetry, viz, 
under o 4 per cent NaOH, is run from the soap kettle to the storage tanks to cool , 
here any dissolved soap separates and heavy impurities sink to the bottom The 
liquor is then run into the treating tank a (Fig 41), made of sheet steel and 
provided with open steam pipes at the bottom for heating, and an air-jet for 
mechanical agitation If the waste lye is strongly alkaline, either sulphuric or 
hydrochloric acid is run in until the liquor is almost neutral, and then basic ferric 


Ejector Vacom Pumff 



Fig. 41. — Van Ruymbeke^s Process of Glycerol Recovery from Soap Lye, 


* The pure chemical product is termed ‘‘Glycerol*^ (which shows that it is an alcohol) 
while the impure commercial product is called Glycerin ’’ Since this introduces an entirely 
superfluous complexity we will throughout the article use only the scientiflcally correct term, vw., 
glycerol 
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sulphate solution added in the proper proportions. If, however, the liquid is only 
slightly alkaline the iron salt alone is used for neutralisation. Usually three-fourths 
of the alkaliiare neutralised by acid, and the remainder by the basic iron sulphate. 

The iron salt is known as “ Chemical sand,” and is made by mixing a finely powdered and dried 
iron ore (analysing 50 per cent, iron oxide) with concentrated sulphuric acid (6o“ Be. ) previously 
heated to 150® C. The mass is then run on to an iron floor, where the reaction continues and the 
mass solidifies. It is then broken up and heated for some hours at 200^-280® C. It then forms a 
mixture of ferric sulphate, ferric oxide, 
and a little free acid. Instead of this 
iron salt any of the alums may used 
as a precipitant. They are, however, 
somewhat more expensive. 

The acid added to the soap 
lye decomposes any soap pre- 
sent, setting free the fatty acids. 

The iron salt then precipi- 
tates these acids as insoluble 
iron soaps, and at the same time 
carries down any albuminous 
matter (coagulated by heat). 

The lye is then forced by p 
means of the pump b through the 
filter press c, which retains the 
precipitated impurities, the lye 
flowing into another similar tank 
(not shown) where the process 
of purification is completed. The 
lye is then filtered off into the 
third tank d. It should now be 
clear, and possess a slight acid 
reaction. The exact amount of 
dry soda-ash to neutralise the 
liquor is now thrown in and 
thoroughly mixed, and the lye 
filtered from the resulting pre- 
cipitate. It is then ready for 
evaporation in a “vacuum eva- 
porator.’* This consists of a 
sheet-iron boiler heated internally p 
by a series of steam pipes, while 
a vacuum pump maintains inside 
the vessel a vacuum of between 
18 and 28 in. Under the 
diminished pressure the water 
boils off rapidly leaving the 
glycerol behind. In order to 
increase the effect sometimes two 
or three of these evaporators Fig. 42— Foster’s Waste Lye Evaporator. 

are used in series (“ double ” 

or “ triple ” effect), the vapours from the first being used to heat the liquid in the 
second, and those of the second to vaporise the liquid in the third. In this way 
a greatly increased evaporative effect is obtained with the same amount of steam. 
As the liquid concentrates salt is deposited. It falls between the heating pipes of 
the boiler, and collects at the bottom, whence it is from time to time withdrawn 
through doors placed at the bottom of the vacuum chamber. 

Fig. 42 shows a section of Foster’s Waste Lye Evaporator. 

The lye is boiled in the vessel A by means of the steam pipes B, the vapours rising up through 
c, which is connected with the vacuum pump. If the vessel is employed in multiple effect the hot 
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vapours from the other vaponsers pass into the liquid by ddd, and help to maintain the evaporation, 
since the vacuum is greater in the second boiler than in the first, and so the vapours from the first 
boiler passing into the second are hot enough to maintain the liquid in it in rapid gbullition The 
salt IS deposited on the sloping hearth ee, and finds its way into the salt filter HH, the salt resting 
on a filter bed aa of iron netting and copper gauze placed over the gridiron plate When the 
filter IS filled with salt (which can be seen through the sight glass i ) the valve at G is shut so that 
communication between the salt m HH and the vacuum m a is cut off ; then the valve K is opened 
to the vacuum space in a, and a stream of steam is driven through M into the closed chamber, and 
drives the liquid through the salt in HH, the liquid and steam being sucked through PP into the top 
chamber A, leaving the salt on the filter aa quite dry Then K is closed and the salt removed through 
a door r. The operations are therefore continuous, the salt being removed from time to time without 
breaking the vacuum » Usually two filter chambers are fitted to each evaporator, matters being 
so arranged that one is open to receive salt at the same time that salt is being removed from the 
other, so that a practically continuous withdrawal of salt takes place Many other systems of 
evaporators (e,^ , Jobbins) are in use, all of which offer some special advantage The salt separated 
is again used in soap graining Fig 43 a shows a Kestner*s patent desalting evaporator, which is 
used to an increasing extent for separating crystalline salts of all kinds from solutions 

The loss of glycerol by evaporation is extremely small when the operation is 
carried out under a vacuum of 26 in and with steam at a low pressure. The liquid 
IS boiled until a sample of lye withdrawn shows a density of 30° Be at 15° C., when 
It consists of 50 per cent glycerol, while most of the salt has been deposited and 
withdrawn Then the liquid is sucked into a storage tank situated below the 
evaporator, allowed to cool, separated by filtration from any precipitated salt, passed 
into a second evaporator of a similar type but smaller, and the evaporation carried 
on until the proportion of glycerol reaches 80 per cent , the salts and water varying 
between 10 per cent and 12 per cent This glycerol is known as “ Crude ’’ and is 
now distilled 

Distillation of Crude Glycerol -—The still a (Fig 43) consists of a steel boiler 
maintained at a high vacuum of 28 in while its contents are heated by dry steam at 
150® C circulating through closed steam coil aa, while at the same time a current of 
live steam at 150"* C is blown through the glycerol by means of an open jet M This 
steam enters at c, passes down the tube cafe, and suddenly expands to twenty or 
thirty times its original volume from the narrow tube ef into the wide steam coil 
ggg, which IS placed in the steam heated chambei bb (fell covered to avoid loss of 
heat) and which is filled with steam at 150'’ C The steam m expanding from ef 





KESTNER’S PATENT DESALTING PLANT. 



Dram 


Fic 43a — Kestner Desalting P"\aporator 

The separator ss is filled with liquor to above the opening b, the height of the 
liquor being seen through the sight glasses The steam is turned on at n in the 
calandria a, which consists of a number of pipes running through a steam box, as 
shown in the drawing 

The liquor from the separator s then passes through b down into the bottom 
box of the calandria a, then boils up the tubes, and rushes back as vapour or liquid 
through A into the separator 

There thus takes place a continuous circulation of liquor through the separator 
and calandri^s, and as crystals of salt form in the separator they fall down the 
central space formed by the circular baffle, any salt which crystallises out falling to 
the bottom of the cone, while the liquor passes through the outlet b, at which point 
It IS practically free from salt There may be as many as four calandrias connected 
to one separator, one being used for washing out or cleaning while the others are 
in action. 

At the bottom of the separator is a valve g, by means of which accumulated 
salt is periodically run into the filter box, the valve g, being closed, the mother 
liquors run off at h, and the salt is removed from the box by means of the discharge 
doors L 
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into the wide coil ^ has its temperature lowered, but the free steam at 150® C. in 
the superheater bb heats the expanded steam m the coil gg to its original tempera- 
ture again, and this steam, in its expanded and dry condition, rushes through the 
pipe ^rand blows in a dry hot stream through the jet bb into the glycerol in aa and 
causes it to distil rapidly, owing to the high vacuum maintained in aa, up through 
the pipe cc, into the drums dd, where practically pure glycerol collects (“half* 
refined while steam and the more volatile products pass away up the pipe ee 
through a series of pipes placed in a cooler ff, through which cold water circulates 
Here the glycerol and steam are completely condensed and flow into the drum o, 
whence it is drawn off from time to time into the tank h This latter distillate is 
known as “sweet-water"’ and contains a small amount of glycerol and volatile 
organic acids. It is worked up again for pure glycerol. 

The level of the glycerol in the still aa is maintained constant during the 
distillation, liquid being continually admitted slowly to maintain the level constant 
as the liquid distils away Finally there remains in a a considerable quantity of 
“glycerol foots,” containing 30-50 pei cent, of glycerol, which is recovered from it 
by a special process described below 

The “half-refined” glycerol which collects in dd is distilled once again and 
thus obtained pure 



Fig 44 shows a glycerol distilling plant designed by lleckmann, and much used in Germany 
Gl>cerol is boiled in a liy indirect steam, a high vacuum being maintained by a pump attached to KK, 
which lowers the boiling point of the liquid m A to about 200® C The glycerol vapours and steam 
pass away through o into the lectilying column CE, to which is attached the dephlegmator F The 
liquid condensing in C is maintained at about So® C by means of the steam -jacketed bottom i), so 
that the water scarcely conelcnses at all in this part of the apparatus, but passes away as steam, 
mixed with glycerol vapouis, through the bell condensing trays in E, into the dephlegmator I*, and 
finally i*'aches the catch all G, where any condensed glycerol runs back through L into c, and is 
again distilled there Consequently only concentrated glycerol collects in c, wlnle steam and a very 
small amount of glycerol vapours pass over from G into the condenser H, the specific gravity of the 
water condensing in H being checked by a swimming hydrometer contained under a glass bell jar J 
The glycerol in ^ is then withdrawn and decolourised with blood or animal charcoal (which has 
been carefully freed from mineral matter by extracting for wrecks with HCl and washing with water) 

Concentration and Distillation of Sweet-Water.—Thc sweet-water 
contains volatile organic acids, either free or combined with glycerol It is there- 
fore mixed with the exact amount of soda-ash to retain such acids m the “ foots ” 
as alkali salts Next, the sweet-water is placed in the steel boiler aa. Fig. 45, provided 
with a steam heating coil aa , is a plate provided with a hole, at a short distance 
below which is another circular plate efoi slightly larger size, which prevents the 
liquid splashing up the tube bb, and consequently is known as the “ dash plate ” 
The valve h is closed, and a high vacuum is maintained in the concentrator aa by 
means of a vacuum pump connected with the receiving drum d The liquid boils, 
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water vapour passes over through bb, and entering the catch-all cc, impinges 
against the tube kl^ deposits the less volatile glycerol in the catch-all, while the 
water vapour, passing on, enters the tube kl and is deposited in the dnum d. The 
glycerol deposited in cc is run back from time to time by means of mn into the 
concentrator aa. 

When the glycerol in aa is sufficiently concentrated it is run into a Jobbins^ 
distilling plant, previously described, and preferably made of tinned copper, and 
there finally distilled. It is finally concentrated to the proper specific gravity (1.262) 
and sold as “ dynamite glycerol.” 

Refined glycerol is usually clanfied by mixing a small quantity of bone-black 
with the hot liquid, and filtering. The product is of straw colour and is known as 
dynamite glycerol ” Colourless water-white glycerol is produced by a subsequent 
distillation and clanfication of the dynamite refined grade 

Utilisation of Glycerol Foots — The foots’* comprise the tarry residue left m the still in the 
distilling process. They contain from 30-50 per cent, of glycerol, 5 per cent of salt, 20-30 per 
cent of sodium acetate, and 10-15 cent, of sodium salts of non-volatile fatty acids. The glycerol is 
removed by acidifying the mass with the exact amount of sulphuric acid necessary to combine with 
the sodium present — the sodium being estimated in a sample by incinerating and weighing as sodium 


c 



carbonate — in a lead-lined tank, and the darkened mass is, after standing, run through coarse filtei 
bags and heated in an iron still, >\hen the organic acids (pnncipally acetic) volatilise FinCclly the 
product IS added to the waste lye direct from the soap kettle and worked up along with this for 
glycerol. 


Garrigue’s Process for Glycerol Recovery 

This method presents the following advantages over van Ruymbeke’s process — 

I. In van Ruymbeke’s system the volatile fatty acids {e g , acetic, outyric, caprylic, etc ) are 
imperfectly ehminated, distilling over with the glycerol even from an alkaline solution, and 
injuriously affectmg the quality of the refined product. In Gamgue’s system the volatile fatty 
acids are almost entirely eliminated before distilling 

2 In van Ruymbeke’s system the presence of much alkali in the liquor to be distilled (added to 
the sweet-water in order to fix the fatty acids) greatly retards the distillation and does not effect 
complete separation, since some of the volatile fatty acids distil over with the glycerol, while some 
glycerol remains behind in the foots. In Garngue’s system so small an amount of alkali is 
used that it scarcely effects the distillation. 

3 In van Ruymbeke’s system considerable amounts of glycerol foots occur as residues in the 
still. These contain sometimes over 50 per cent, glycerol and cannot be economically discarded ; 
the p;lycerol has therefore to be recovered by mixing with sulphuric acid as describea above, and 
mixing the product with the raw material. Since the foots contain sodium salts of organic acids, 

» these contaminate the glycerol. In Garrigue’s syxjtem the foots produced are so small in quantity 
and so poor in glycerol that they can be discarded. 
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Details of Garrigue’s Process of Glvcerol Recovery.— The soap lye 
from the soap kettle is run into a storage tanl^ where any soap separates out and 
heavy impurities subside. Next it is run into the treating tank a, and there is 
added about 0.5 per cent, of aluminium sulphate (or common alum) and sufficient 
sulphuric acid to nearly neutralise the caustic soda and sodium carbonate present 
The contents of the tank are agitated by means of air blown m from a Korting’s 
exhauster b through a perforated coil in the bottom of the tank. The sulphuric 
acid sets free the insoluble fatty acids before in the solution as soap, while the 
aluminium present at once precipitates them as insoluble aluminium soaps After 
sufficient agitation, the liquid is forced by the pump c through the filter press d 
into the feeding tank e. The liquid is now clear. It then passes to the vacuum 
evaporator f and is concentrated (the level in the evaporator being kept constant 
by a continual introduction of lye in proportion as the liquid boils away). The 
concentration is carried on until the residual liquid contains about 40 per cent of 
glycerol, and about 80 per cent, of the chloride and sulphate of sodium originally 
present in the liquor have crystallised out and been recovered in the usual way. 



Next the liquid is allowed to flow from the evaporator f through the salt filter g 
(using a vacuum of 20 in. beneath the salt filter to force the liquid through), and 
is pumped away to the settling tank h. 

So far the soluble and volatile fatty acids have remained in solution ^ these are 
now removed as follows. The concentrated liquor is pumped from the settling 
tank H into the treating tank a, and about 0.5 per cent, barium chloride, BaCl^, 
stirred in. All the sodium sulphate remaining in the liquor is precipitated as 
barium sulphate, while any soap still present 1$ decomposed and precipitated as an 
insoluble banum soap. Now sufficient sulphunc acid is added, sufficient to decom- 
pose all the alkali compounds of the volatile and soluble fatty acids, whereby the 
latter are set free, and in turn are almost completely precipitated as insoluble barium 
comi^unds, with the excess of banum chloride remainmg in the liquid \ thus the 
volatile acids are removed, 

Tlie amount of sulphunc add nqntred is estimated by withdrawing a sample of liquor, filtering 
It, weighing off 10 g. into a flask, adding 140 c.c. of distilled water, and x c.c. of concentrated 
sulphunc add, conneding ffie flask wiffi a Lieb^s condenser, and distilhng over 100 e.c. Finally, 

ri 
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this volunw, which contains all the volatile acids, is titrated with standard caustic soda solution, 
using pbenolphthalein as indicator. The organic acidity is then calculated in terms of sulphuric 
acid, and then the necessary charge of sulphuric acid for the total amount of crude liquor is calculated 
and run in. « 


After a thorough agitation the liquid is filtered through the filter press d, Fig 46, into 
the feeding tank e, and is thence pumped into the evaporator f, and concentrated until 

the level of the liquor m the gauge 



glass remains constant. The vola- 
tile fatty acids still remaining (for 
they are not completely precipitated 
by the barium chloride) are in part 
expelled with the water vapour, but 
part remains to combine with the 
glycerol as the concentration pro- 
ceeds, and are letained by it in 
the form of glycerides Finally, 
when the concentration has pro- 
ceeded so far that the liquid 
contains 85 per cent of glycerol, 
it IS discharged from the evaporator 
F into the receiver k, and is tested 
for total acidity by adding excess 
of standard alkali to a measured 
sample of the hot glycerol, heating, 
and titrating back the excess of 
alkali with standard sulphuric acid 
This gives the measure of organic 
acids still present The amount 
of a saturated solution of sodium 
carbonate (soda-ash) required for 
neutralisation is now calculated, 
and added to the crude glycerol in 
the receiver k, the amount being 
sufficient to render the mass slightly 
alkaline The crude glycerol is 
now distilled. 

Garrigue's Process for 
Distilling Glycerol. — Fig. 47 
shows a complete Garngue’s plant 
for glycerol distillation a is the 
still in which the crude glycerol 
is heated to about 163* C by a 
closed steam coil, while a vacuum 
pump H maintains a vacuum of 
about 28 in. Under these circum 
stances the glycerol rapidly distils. 
K IS an evaporator, filled with 
“sweet-water” from a previous 
distillation. This glycerol water 
is heated by closed steam coils in 
the evaporator (the steam used is 
low pressure direct from the ex- 
haust of the vacuum pump h), 
while a vacuum of about 22 in. 
is maintained within the vessel. 
Under these circumstances the 
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glycerol water rapidly boils, and a current of steam at a temperature considerably 
below 100* C. is driven along the pipe mnoh^ and rushes through a series of tubes 
running tlirough the centre of a chamber c (the “superheater”), which is filled 
with hot glycerol vapours at about i6o“ C. on their way from the still a to the 
receiver d. Here a double action occurs. On tl.e one hand the cooler pipes 
conveying the steam from k serve to condense the glycerol, while on the other 
hand the hotter glycerol vapours serve to heat the pipes, and consequently the sweet- 
water vapours b^ecome greatly superheated to a temperature of about i6o® C., 
and blow rapidly in this dry superheated condition through the perforated coil 
qr into the boiling glycerol in the still, and aids its distillation. The abstraction 
of heat from the vapour of the distilling glycerol where it meets the steam pipes in 
c causes a large part of the glycerol to condense on the tubes of the superheater, 
and thence drop into the first receiver d. This glycerol is a finished product, 
being almost water-white, with a density of 1.263. A large proportion of the 
glycerol vapours, however, pass on up the tube st, and enter a chamber e, called 
the “Glycerol Cooler.” Through this chamber run a number of tubes conveying 
hot water, which, entering at a temperature of about 66* C., and leaving at about 
88* C. (being heated in its passage by the hot glycerol vapours condensing on the 
tubes), causes the glycerol alone to condense and drop into the receiver f, while 
the steam passes on into the condenser g. 

The glycerol condensed in f has a sp. gr. of about 1.250. It is not advisable 
for all the glycerol to condense in f , otherwise the volatile fatty acids which have 
escaped elimination in the crude glycerol evaporator would also condense and 
impart to the glycerol in f a too high acidity. Consequently matters are so 
arranged that about 3 per cent, of the total glycerol passes on with the steam 
through uv, and enters the sweet-water condenser gg. Here it enters a chamber 
filled with copper pipes carrying a stream of cold water, and consequently almost 
all the steam and glycerol condense to sweet-water, which, pouring down through 
the vacuum pump h, are passed by the tube wx into the sweet-water tank jj. 

Usually the sweet- water does not condense in quantity sufficient to keep the pump H properly 
sealed, s^d so it is usual to have a small return pipe yz from the open sweet-water tank to the 
pump suction, so as to allow some of the sweet-water to maintain a continuous circuit through 
the pump. 

In the best practice matters are arranged so that about 2 lbs. of steam are injected into the still 
for every pound of glycerol distilled. Since the sweet- water should contain about 3 per cent, of the 
total glycerol, it follows that it should have a glycerol content of about ij per cent. 

From the sweet- water tank j the sweet-water is fed continuously (being sucked 
in by means of the vacuum) into the evaporator k. The glycerol content of the 
sweet-water in k continually increases as the distillation proceeds, and at the same 
time there is a continual increase in the volume of sweet- water in circulatioik 
When the glycerol in the evaporator k reaches about 25 per cent., it is run into 
the concentrator mm, and evaporated until the concentration becomes 80 per cent, 
glycerol. Since all the volatile acids gradually accumulate in the sweet-water, this 
concentrated glycerol must be returned to the still for redistillation. Towards the 
close of the operation the still a is shut off by closing the valve aa \ the valve bh 
is opened, and the glycerol in kk is concentrated until it reaches 80 per cent. 
The aqueous vapours condensed from this concentration are run to waste through 
the vacuum pump. 

In some works the contents of the sweet-water concentrator K are emptied from time to time 
into the settling tank of the crude glycerol plant, and fed with the rest of the glycerol into the still 
as required for distillation. 

While distilling it is best to maintain the feed of crude glycerol at a constant level, just above 
the perforated jet-pipes, during the whole time of distilling (twenty-four hours). The charge then 
left In the still is run into the waste lye treatment tank, where the colouring matter is removed by 
chemical means as previously described. 

Uses of Glycerol. — By far the greater part of glycerol is used for making 
nitroglycerine; besides this it is used as a sweet conserving fluid for preservea 
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iBruit, a$ a lotion or basis for ointments, in gas meters and hydraulic jacks to prevent 
freezing, for lubricating moulds, for preventing shrinkage m wooden vessels, in clay 
modelling, in artists’ colours, in calico printing, in cements and inks} in photo- 
gpiphy, to impart elasticity to leather and paper, etc. Glycerol is sometimes 
^legi^y) added to alcoholic drinks as an unfermentable and harmless sweetener. 

Properties of Glycerol —When pure, it is a solid, M P. 20* C., but as usually 
obtained it is a sweet tasting, thick liquid, colourless, of sp. gr. 1.265 at 15* C., 
and B.P. 290* at 760 mm. (with slight decomposition), 210* C at 50 mm., 179.5* C. 
at 12.5 mm., 163* C. at 10 mm. It does not volatilise at ordinary temperatures, 
but when heated at 100* C. a slight loss occurs, especially in the presence of steam. 
Heated with dehydrating agents it changes into acrolein, thus — 

C,H80a«C,H40 + 2Ha0. 

When pure, glycerol ignites at 150® C, and burns gently with a pale blue flame 
without odour or residue. 

Dynamite glycerol must have a minimum sp gr. of i 262, contain no 
CaO, H2SO4, or Cl, not more than o.i per cent of ash, and must not reduce 
AgN03 solution. Glycerol derived from decomposing fats frequently contains 
trimethylene glycol, C3H3(OH)2, which lowers the boiling point and specific gravity. 

At 160® C glycerol dissolves two-thirds of its weight of bone acid, forming glyceryl borate, 
CtHfBOs, which is used as a preservative (“boro-glycende**) Glycerol is miscible m all pro- 
portions in water and alcohol, spanngly soluble in ether (1,000 parts ether dissolve 2^ glycerol) 
and in ethyl acetate, 100 parts of which dissolve 9 of glycerol ; glycerol is insoluble in chloroform, 
petroleum ether, benzene, and carbon disulphide, al 5 > in oils and fats Glycerol is an excellent 
solvent, many substances dissolving in it with greater ease than in water or alcohol ; thus it dissolves 
98 per cent soda crystals, 60 per cent borax, 50.^ per cent, potassium arsenate, 50 per cent zinc 
chloride, 40 per cent, alum, 40 per cent potassium iodide, 30 per cent copper sulphate, 25 per 
cent, ferrous sulphate, 25 per cent potassium bromide, 20 per cent, lead acetate, 20 per cent 
ammonium carbonate, 20 per cent arsemous oxide, 20 per cent arsenic acid, 20 per cent, ammonium 
chloride, 15 per cent, oxalic acid, 10 per cent barium chloride, 10 per cent copper acetate, 8 per 
cent so^um bicarbonate, 7 5 per cent mercury bichloride, 5 per cent, calcium sulphite, 3 5 per 
cent potassium chlorate, l 9 per cent iodine, i ^r cent, calcium sulphate, 0,7 per cent iron oleate, 
a9 per cent magnesium oleate, 1.18 per cent calcium oleate Glycerol also dissolves caustic 
alkalis, alkalme earths, and lead oxide, and in the presence t)f caustic alkalis also ferHc oxide, 
cupric oxide, and bismuth oxide. 

Glyceryl Phosphoric Aad, C8Hq.(OH)s.O PO(OH)^ — Formed by mixing P9O5 with glycerol, 
and known only in aqueous solution (20-50 per cent ) Dibasic acid. Salts used medicinally, having 
a strong action on the nervous system In this form phosphorus is rapidly assimilated Tonal is 
the name given to preparations of its salts, lcaho*toiial being potassium glyceryl phosphate 

Statistics. — ^The world’s production of glycerol amounts to 80,000 tons. Germany produces 
aoout 10,000 tons. England imported in 1910 about 4,000 tons, of value ;f230,ooo ; she exported 
11,900 tons, of value ;^53,ooo. The United States imported in 1910 41,182,000 lbs., of value 
$3,666,000 

Detection and Estjination of Glycerol. — To detect glycerol dry the substance thoroughly at 
100® C., mix with twice its weight of finely powdered potassium hydrogen sulphate, and h^t (on 
the sand bath) in a small flask fitted with a leadmg tube passing into a test*tube placed m a freezing 
mixture. In &e presence of glycerol the characteristically smelhng acrolein will be evolved, the 
presence of which may be confirmed by adding to the liquid in the test-tube a few drops of a mixture 
of 3 g. of silver nitrate m 30 g« ammonia (sp. gr. o 923), and 3 g of sodium hydroxide in 30g. water. 
A silver mirror should rapidly appear. 

Estimation of Glycerol m Fats — The glycerol is separated from the fat by saponifying with 
alcoholic KOH, filtenng the soap solution, setting free the fatty acids by HCl, and filtering diem off. 
The aqueous extract, containing all the glycerol, 1$ neutrali^ with BaCOj, evaporated, and the 
glycerol extract^ with ether. On evaporating the ether the crude glycerol is left and may be 
weighed. A weighed portion of this glycerol is acetylated in the nxsual way with acetic anhyorkle 
and dried sodium acetate, the excess of acetic aad exactly neutralised with mOH in the cold, and 
the number of acetyl groups m the Q3H5(0C^H30)9 determined by adding excess of standard NaOH, 
and boibng and titrating back with acid. From the equation — 

C,H9(0C3H30), + 3NaOH « + sCtH^O^Na, 

it will be seen that 3 molecules of NaOH used up denote i molecule of glycerol present. The amount 
of glycerol in the whole may then be estimated. This method cannot be used for waste soap lye and 
other products low in glycerol. It gives somewhat low results. 
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Estimation of GWcarol in Soap Lyes.— 250 c.c. of soap lye is acidified with H2SO4, the 
fatty acids filtered off, lead acetate added, the precijntate filtereo on, the solution evaporated, made 
up to 100 C.C., and 25 c.c. are boiled thirty seconds with 2 ^ c c. concentrated H28O4 and 40 c.c. 
I^Cr20v Solomon containing 75 g per litre. From the equation — 

3Cjf 4 " *1’ 7K2SO4, 

It will be seen that for every i g* of glycerol oxidised 7.5 g. of dichromate disappear. The exact 
strength of ^chromate before and after boilmg is found W titrating with ferrous ammonium sulphate 
in the ordinary way. From the loss in strength of the mchromate the amount of glycerol can be 
calculated. The results are usually too high. 

For a critical survey of other methods of glycerol estimation the reader is referred to Allen’s 
’’Commercial Organic Analysis,” Lewkowitsch’s ’’Chemical Technology and Analysis of Oils, Fats, 
and Waxes,” or Wnght-Mitchell’s ’’Oils, Fats, and Waxes.” 
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The volatile essential oils, which are produced in numerous plants, differ from 
the fixed oils in many important particulars. 

Most essential oils are mobile odoriferous liquids 
which, as a rule, may be distilled without under- 
going decomposition, and usually they are composed 
of several constituents, in one or more of which 
the characteristic aroma of the oil is concentrated. 

In some plants the essential oil is contained 
in the blossoms, while the rest of the plant con- 
tains little or none. In other plants, such as those 
that produce spices, the bulk of the oil may be in 
the root or bark ; whilst in others, again, essential 
oil, in proportions varying with the stage of growth, 
occurs in all the organs of the plant. 

Various methods of separating the oil are in 
use, the choice depending upon the nature of the 
oil and the quantity that can be extracted. 

Thus in preparing scents from flowers the petals 
are heated in stills containing water, the steam 
carrying over the volatile oil into the condenser. 

L'n;, — Perfume htiii Fig. 48 shows a still of this kind much u.sed in P'ranco. 

(Manufactured by Egrot, Paris.) It consists of a still A placed over a fire R. Inside A is a 

perforated copper ba.sket M containing the flowers. The 
still is nearly filled with water, wliich, boiling, carries over 
the essential oil with the steam througli f into the conden.ser R. The water and oil as it condenses 
discharges into the Florentine vase u, the essential oil usually collecting on the surface of the water, 
whence it is drawn off from time to time. The condensed water runs back through i, into the boiler. 

In the larger modern stills the steam is introduced from an outside boiler, and 
as the temperature and pressure can thus be better regulated there is less risk of 
overheating oils of delicate aroma. 

In separating oils from lemon and orange peel and other products containing 
a large proportion of essential oil mechanical methods of expression arc commonly 
employed, and distillation with steam is only used for separating an inferior grade 
of oil from the residues. 

The rinds of such fruits as limes j lemons^ oranges, bej-gamofs are rich in essential oils — the 
so-called citrus oils — and much attention has been directed in recent years to expressing those oils 
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economically from them, an object all the more important as those rinds are, to a great extent, 
a waste product. The following are recent English Patents; — 13,171, 1904 ; 6,036, 1909; 

15.552. 1909- 

• 

An extraction method with a volatile solvent such as alcohol, or with olive oil 
or lard, is used in the preparation of delicate scents, the essential oils being 
subsequently separated from the extracts. 

A typical modern extraction plant (E^rot’s, of Paris) is shown in Fig. 50. The volatile .solvent 
(alcohol, ether, benzene, carbon hisulphidc) is raised hy the pump into the collector i), which is 
provided with a glass gauge tube by mtaiis of which the volume of the contained liquid may be 
ascertained. The basket G, filled with plants, is lowered by means of tackle into the extractor A, 
which is then clo.sed. Next the .solvent from D is run into the heater E, containing a steam worm, 
and, according to its density, is thence sent into the extractor A either from al)ove (by the pipe //) 
or from below (pipe ^), and comes out again by one of the pipes r or c', after which, charged with 
perfume, it goes into the evaporator B by the pipes d and f. Here in B a heating coil vaporises the 
solvent, wdiich passes as a vapour 
up the tube g into the condenser 
C and thence into the collector 
D, where it re-enters into circu- 
lation. The perfume remains 
Ijehind in B. Finally the solvent 
is distilled off from the exhausted 
Howers in A. If alcohol is used 
as a solvent it soon becomes 
diluted with the moisture con- 
tained in the flowers. Con- 
sequently the alcohol is distilled 
away from A through a rectifier 
K, which only allow's a suffici- 
ently alcoholic distillate to pass. 

This is condensed in c and 
collected in D and used again ; 
after w^hich A is opened and the 
basket withdrawn and replaced 
by a lia.skct filled with fresh 
llow'ers. 

Ch'aracteristics.— 

Essential oils differ widely 
from one another both in 
properties and composition, 
and it is not possible to 
classify them into distinct 
separate groups, as in the 
case of the fixed oils and 
fats. 

Some are colourless, 
while others are green or 
dark brown in colour. In 49-— I’erfume Siill. (Egrot, Paris.) 

most cases they are lighter 

than water, but a few, like oil of cinnamon, are heavier. In some cases they readily 
undergo oxidation upon exposure to air and light ; and hence it is usual for the 
manufacturers to send out orange or lemon oils in copper vessels the top of which 
is sealed with solder. 

Frequently an essential oil is made up of several fluid constituents, while in other 
cases solid compounds (the so-called stearopfenes) are present in solution, and 
can be separated by chilling the oil. *‘Otto” of rose may be cited as an instance 
of this kind. 

A high refractive index is a characteristic of essential oils, and its determination 
is one of the most important means of ascertaining the purity of an oil. 

The compounds that have been isolated from essential oils include the hydro- 
carbon series known as terpenes, having the composition CjoHig; alcohols and 
ketones related to the terpenes, such as borneol, camphor, CioHigO ; 
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compounds typified by the alcohols, geraniol and citronellol; phenols and their 
derivatives ; and aliphatic derivatives. 



Fig. 50. — Extraction Plant for Essential Oils. (Egrot, I’aris.) 


Analysis of Essential Oils . — The estimation of the quantities and propor- 
tions of special compounds in an essential oil is of great importance in certain cases 
in which it pays to separate the active constituent and to sell it separately, and also 
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in the detection of adulteration when an oil containing a certain compound is mixed 
with another which does not contain it 

For ins^ncci Japanese peppermint oil contains upwards of 80 per cent, of 
menthol, and a large proportion of this is frequently separated by a process of 
freezing, leaving onljr about 30-35 per cent in the so-called ‘‘ dementholised ” 
oil, which is accordingly sold at a considerably lower pnce, and often used to 
adulterate untreated peppermmt oils. 

Again, clove oil should contain over 70 per cent of the compound, eugenol, and 
should the proportion be much lower than this, the addition of an adulterant, such 
as oil of turpentine, is suggested; or a portion of the eugenol may have been 
removed and sold separately. 

The essential oils which contain characteristic compounds, the estimation of 
which may afford data as to purity, include the followmg important products : — 

Citronella oil (containing citronella) ; lemon-grass oil (containing citral) ; sassa- 
fras oil (containing safrol); bergamot oil (contammg lin^yl acetate); peppermint 
oil (contammg menthol) ; (clove oil containmg eugenol) ; lemon oil (containing 
citral) ; aniseed oil (containing anethol) ; oil of camphor (containing safrol) , and 
eucalyptus oils (containing eucalyptol). 


In addition to estimating the characteristic constituents of an oil, where this is appUcable, the 
vanous physical properties are also determined, and the oil is separated by fractional di^lation into 
several fractions which may then be farther examined. 

The specific gravity of essential oils may show great variations, as for example : — 


Aniseed oil - - - • o 9852 

Bergamot oil • • - • o 88^ 

Lemon oil • - - • o 8498 


Clove oil • - - - 1.047 

Rose oil .... a89i2 
Turpentine oil - • - o 873 


Thus an addition of, for instance, turpentme oil to clove oil would reduce the specific gravity 
below the normal figure. 

The optical properties usually determined are the refractive index and the specific rotation. 
For instance, clove oil has a specific rotation of about - 4"*, while turpentine oil often has a rotation 
as high as - 75*. 

lemon oil has a pronounced dextro-rotatory power (about +6o'‘), whereas lemon-grass 
oil is nearly iiuictive in this respect ( + 3* to - 3*) 

The sofubihty of an oil in certain solvents is m many cases a useful test. Thus citronella oil 
should diSsolve completely in two to three times its volume of 80 per cent, alcohol at 20® C., 
whereas an oil containing paraffin oil, which is a common adulterant, is much less soluble 

The use of the distiUation meth^ is valuable, in the examination of lemon oil, which is 
very frequently adulterated with oil of turpentine. Now smce the latter has a considerably lower 
boiling point it can be concentrated in the first tenth of the distillate, and then detected by 
determining the optical activity of this fraction. 

One of the most difficult adulterants to detect is an addition of terpenes, 1 , the residual fraction 
left in the manufiicture of so-called terpeneless cils. The latter are products made, for instance, 
from lemon oil 1^ removing the inert substances (the terpenes) so that an oil with a much more 
concentrated flavour is obtamed. Prepared oils of this kind are used in the mineral water industry, 
and give an improved flavour which more than compensates for the increased cost 

In cases where the residual terpenes have been used to adulterate, e lemon oil, the physical 
properties of the oil might be made so nearly normal as to make the oil seem genuine 

The adulteration cu certain oils used in perfumery, such as rose oil, may also be done so 
skilfully that reliance must in the last resort be placed upon the judgment of a specialist who can 
discriminate between the odour of a genuine and an adulterated product 

Statistics. — ^The quantity of essential oil imported mto the United Kingdom is shown below. 
Figures are also given showing the value of the aritJUtal essential oils. (For these see next article 
by Dr Martin on Synthetic Ferlumes). 



1908. 

1910. 

Value in 191a 

Natural essential oil 

Artificial essential oil • 

Lbs. 

1,841,300 

163,400 

§1 

320, 000 
34.400 


The United States in 1910 imported 415,000 lbs. of essential oils, of value $309,383. The expert 
in the same year was 1 10,000 lbs. of peppem%Ht<ni(veXvLt^ $216,000), and $322,000 value of other sorts. 
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XIII.— SYNTHETIC PERFUMES 
By G. Martin, Ph.D, D.Sc. 

LITERATURE 
See under ** Essential Oils.*’ 

Within recent years certain synthetic perfumes of great technical importance 
have been placed on the market. Perhaps the most important are lonone (odour 
of violets) and Vanillin (aromatic principle of vanilla). Although most perfumes 
can be prepared synthetically from coal tar products, yet in many cases they are 
merely separated in a pure state from less costly natural oils, sometimes by 
fractional distillation, and sometimes by other chemical actions Thus, phenols, 
for example, are separated from aldehydes and ketones by their capacity for dissolving 
in caustic alkali , aldehydes and ketones (^.^., citral) are separated by causing them 
to unite with sodium bisulphite; while sweet-smelling alcohols (^^., geraniol) may 
be separated by causing them to unite with anhydrous calcium chloride, or by 
esterifying them with dibasic acids and dissolving out the resulting esters with 
alkaline carbonates. The volatile products thus isolated are purified by distillation, 
the solid by crystallisation from organic solvents 

The scent industry has received a powerful impetus from synthetic scents, and Germany now 
turns out annually scents to the value of 000,000 The majority of the natural odours of flowers 
are due to complex mixtures of different scents Almost all of these scents have been successfully 
reproduced by mixtures of synthetic scents, ranging from that of the violet to that of the rose 
Although natural oil of roses contains about twenty different odorous substances, yet chemists 
employed by the German firms of Heme & Co , Schimmel & Co (Leipzig) have succeeded in 
isolating all the components, synthesising these or prepanng them from less costly oils, and then 
reumUne them m the proper proportions. 

Synmetic attar of roses is now on the market. 

Similarly ionone — an enormously powerful scent — is the basis of all violet-like scents. * 

In 1910 England imported 169,599 lbs ( = 75 7 tons) of artificial essential oils, worth ^34,370 
Of this Germany contributed 140,000 lbs (82 per cent ) The natural essential oils imported had 
a value of ;^’320,000, and a weight of 900 tons. 

The following are the chief synthetic (simple) perfumes, many of which occur 
naturally in essential oils . — 

Alcohols 

Citronellol, CjoHgoO — Artificially made by reducing citronellal. Occurs in 
lose and geranium oil. Used for making artificial Rose Oil. B P , 224-227 

Geraniol, CioH^gO. — Isolated from palmrosa citron oil Used as soap 
perfume, and for artificial rose oil. B.P., 230-232 

Linalol, CioHigO.— Isolated from linaloe oil, and used as a substitute for 
linaloe oil. B.P., 199-200. 

Benzyl Alcohol, QHg.CHgOH, from benzaldehyde by reducing also by 
treating oenzyl chloride with lead hydroxide and water. Used as a constituent 
of perfumes 

Phenylethyl Alcohol, CgHg.CHgCHgOH.— Prepared by reducing phenyl- 
acetic acid, C5H5.CH2.COOH. Occurs m rose water and rose oil. Soluble in 
water. Used m producing a rose scent. 

Cinnamic Alcohol, Stjrryl Alcohol, C5H5.CH : CH.CHjOH.— Isolated 
from storax. Hyacinth odour. M.P., 33* , B.P., 255. 



SYNTHETIC PERFUMES 


n? 


Menthol, CioHi^OH. — Isolated from Japanese peppermint oil by freezmg 
out; forms needles. MP, 44’; B.P., 216 Used for peppermint oil, and in 
medicine. 

Terpineol, CjoHi^OH, occurs naturally in different ethereal oils, and is 
produced artificially by reducing Pinene Important constituent of many perfumes 
Odour of hyacinths, hawthorn, or lilac 

Santalol, C15H25.OH — Isolated by fractional distillation from sandal-wood 
oil. Used in medicine and perfumery. 

Aldehydes 

Citral, CgHjg CHO. — Isolated from lemon-grass oil Used as a lemon aroma, 
and for manufacture of ionone B.P., 227-229. 

Citronellal, C^H^^.CHO. — Isolated from the oil of the Eucalyptus maculata^ 
var citrwdora Used in perfumery 

Benzaldehyde, QHg.CHO (oil of bitter almonds, etc ) — Used as a soap 
scent Manufactured on large scale See p 429 

Anis-aldehyde, C5H4(OCH8) CHO (i 4). — Prepared by oxidising anethol, 
C<jH 4(OCH3) C3H5, or by methylating /-oxybenzaldehyde B P., 244“ C. Haw- 
thorn scent Soap perfume 

Hehotropin, Piperonal — Prepared from isosafrol by oxidation Yellow 
/CHO (1 3 4) crystals M P , 36-37 Heliotrope scent Soap perfume 

C,H,^ q>CHj 

/ Vanillin, CgH3(CHO) (OCH3)(OH) (134), occurs naturally in the vanilla 
pod and is prepared synthetically on the large scale by oxidising isoeugenol or 
eugenol, by introducing an aldehyde group into guaiacol, and by methylating 
proto-catechualdehyde M.P , 82° Used for perfuming food, and as a substitute 
for vanilla 

Phenylacetaldehyde, C3H5.CH2.CHO — Prepared by reducing phenylacetic 
acid, and from cinnamic acid B P , 210° C Hyacinth odour Soap perfume 

Cinnamic Aldehyde, C^HgCH^CH.CHO, occurs in various oils, prepared 
by condensation of benzaldehyde with acetaldehyde B.P., 125“ at 15 mm 
Substitute for cassia oil 


Ketones 

Carvone, CioHi40. — Isolated from caraway, dill, and spearmint oils Used for 
beverages, etc. 

:allv prepared by condensing citral with acetone 
by means of alkalies and then treating with 
acids. B.P , 243-246* C. Most important 



Phenols and Phenolic Esters 

Canracrol, C10H14O, and Th3rmol, C10H14O, are isolated parts of vanous 
essential oils 
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Aliethol» occurs in 01) of anise seed and other oils. 

Separated by freezing out. M.P , 21 ; B.P., 235. Important perfume. 

Euffenol, QH3(OCHj)(CgH5)(OH).— Isolated from oil of clovds by treating 
with KOH. Used for making Vanillin, also as a perfume for beverages. Iso- 
eugenol is isomeric with eugenol and is easily converted into it by alkalies. 

Safrol, CioHioOg. — Isolated on industrial scale from sassafi as oil and used 
for making Heliotropin, also as a soap scent 

Nerolin, C10H7.OCH3, ^-naphthol-methyl-ether ; smells somewhat like pine- 
apples. Soap perfume 

Oxides 

Cineol, CioHigO, occurs in numerous ethereal oils. BP, 177* C. Camphor- 
like odour. Cosmetic and soap perfume. 

Fatty Acid Esters 

See under Fruit Essences, p. 382 Important besides are — 

Geranyl Acetate, Linalyl Acetate, Bomeol Acetate, and Amyl 
Salicylate.— Methyl ester of anthranilic acid and homologues. 

Lactones 

Coumarin, QH4<^ ^ occurs m Tonquin beans, and is synthesised by 
Perkin’s reaction from salicylic aldehyde and acetic anhydride Important perfume. 

Miscellaneous 

Allylisothiocyanate, C4H5SN, is the active constituent of mustard oil, and is 
manufactured by distilling allyl iodide with alcoholic potassium thiocyanate, 
CN.SK + CsHgl - CS.N CgH^ + KI. B P , i5i^ C 

Artificial Musks are nitrated tertiary butyl alcohols made by vanous processes 
(see English Patents, 18,521, i888, 4,963, 1889), but have no chemical relationship 
to real musk^ whose odour is due to a ketone, CjjHggO, of unknown constitution. 
Soap and toilet perfume. 

Indol, CgH^N. — Prepared from indigo, and used for making synthetic 
Jasmin oil. 

Nitro*benzene, QH^NOj, is sometimes used instead of benzaldehyde, the 
odour being somewhat similar. See pp. 422, 429. 
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THE SUGAR INDUSTRY 

I._SUGAR 


By G. Druce Lander, D.Sc, F.I.C 
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Sugar to the chemist is the general name of a numerous group of organic com- 
pounds containing carbon, hydrogen, and oxygen, the last two in the proportion of 
2 atoms of hydrogen to i atom of oxygen, the group being a division of the larger 
family of carbohydrates. 

The chief classes of sugar are : — The Monoses, hexoses^ represented 

by glucose, fructose, and galactose ; pentoses^ CgHjoOg, represented by arabinose and 
xylose. Bioses, Ci2ii22^w represented by sucrose, maltose, and lactose. Trioses, 
CjgHgjOig, raffinose, only those sugars of technological importance being mentioned. 
All the sugars are soluble, crystalline, neutral, and sweet compounds of vegetable 
origin, excepting lactose or milk sugar, which is the characteristic sugar of the milk 
of all mammalian animals. Numerous synonyms for the common sugars are in 
use, and may give rise to confusion. They are — 


Sucrose 

Glucose 

Fructose 

Lactose 

Maltose 


cane sugar, saccharose, or sugar, 
dextrose, grape sugar, 
levulose, fruit sugar, 
milk sugar, 
malt sugar. 


In technology “ sugar ” means Sucrose, CijHaaOn, whether deisived from the 
sugar cane, beet, sugar palm, date, or maple. 

In the following account of the technology of sugar no more can be attempted than to convey an 
idea of the chemical considerations, so far as they are known, which underlie the vanous steps ; and 
to mdicate the special chemical en^eering problems which had to be solved in order to attain the 
modern high percentage of extraction firom the natural juices. For details as to the numerous 
precautions and special points which have to be scrupulously observed in practice, reference may 
oe made to the excellent special manuals of the subject. 
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SUCROSE (CANE SUGAR, BEET SUGAR), Ci^Hg^Ou 

Properties. — Sucrose forms anhydrous, monochnic crystals of sp^gr. 1.581 at 
15* C. It is extremely soluble in water. A saturated solution at 15"* C, contains 
66.33 per cent, sugar. 

A general formula for the solubility is per cent, sugar* 64.1835 +0.13477^ 
+ 0.0005307/* (/» temperature * C.). 

The boilmg points of sugar solutions at 760 mm. are : — 

Per cent, sugar - - 10 20 30 40 50 60 70 80 90.8 

Boiling point - - 100.4 1006 1010 101.5 102.0 1030 1065 112.0 i30.o*C. 

For the rapid analysis of the fairly pure sugar liquors in the works, specific 
gravity is taken by Brix or by Balling hydrometers, which indicate total solids, the 
Brix for cane, the Balling for beet juices 

For crude beet juice, on the other hand, this method will not work on account of the foreign 
extract matter Hence the percentage of sugar m beet juice itself is always determined by the 
polanmeter. 

Of special significance as regards the crystallisation of sugar from solution is the 
effect of mineral salts. These retard crystallisation, exercising a so-called 
melassigenic power,*’ which causes the sugar m molasses to ^ uncrystallis- 
able. No satisfactory theory regarding this phenomenon has been put forward. 
It is usually held that i part of mineral salts (ash) will prevent the crystallisation 
of 5 parts of sugar. In commercial transactions raw beet sugar is valued on 
crystallisable sugar, t e , real per cent sugar— ash x 5 (See p. 163 ) 

Sugrose is dextro-rotary, having at 20* [^Jd = 66.435 + 0 0087 0.000235 

r* (I^ndolt) — ^—concentration, i e , the number of grams per 100 c c. of solution. 

The rotation is slightly affected by foreign substances, particularly alkalis Basic lead 
acetate first reduces and finally increases the rotation when added in increasing amounts, but the 
change is (with quantities used in practice) negligible in ordinary work 

When dry, sucrose melts without decomposition at 160* C., but enters into 
incipient decomposition even at 100® when moist, giving at the melting point 
glucose + fructosan (C^HioO^), at higher temperatures by loss of water the dark 
coloured caramel is formed, whilst finally it carbonises, giving off carbon monoxide, 
formic acid, and other products. 

On boiling sucrose solutions it is gradually hydrolysed or inverted — 

” 1 “ H 9 O = CaHj 2 O 0 + CgH ^05 
Sucrose Glucose Fructose 

— more rapidly under pressure. This inversion is favoured by metals and hindered, 
by reason of alkalinity, by glass. Acids, as is well known, accelerate inversion in 
proportion to their dissociation constants, sugar being rapidly inverted in warm 
solutions by mineral acids, less readily by organic acids (acetic, tartaric, 
succinic, etc.) 

Salts effect inversion if they suffer hydrolytic dissociation according to the nature of the metal and 
acid. Thus sulphates of zinc and copper bemg acid cause inversion, whereas salts of strong bases 
(alkali and alkaline earth metals) with weak acids (organic and carbonic acids) do not invert, and 
may by mass action check the inversion due to other salts 

Sucrose forms sucrates with alkalis, such as CigHgiO^K which are alkaline and 
decomposed by carbonic acid. The sucrates of lime and strontia are of importance 
in technology. The mono- and disucrates of lime are soluble in water, decomposed 
by CO2, and on boiling give insoluble tnbasic sucrate, ^.e*. ‘ — 

3C|gHj|giO|iCaO s* Ci 9 H 2 |Oii(CaO) 3 + ^^isl^ss^u^ 

which, when suspended in water, is also decomposed by CO2. 

Lime is consequently more soluble in sucrose solutions than in water, and similarly the prevention 
of the precipitation of copper, lead, and iron hy alkalis in the presence of sucrose Is referable to the 
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formation of sucrates. Calcium sucrate solution further also dissolves certain insoluble salts such 
as calcium phosphate, oxalate, etc., which are reprecipitated when the sucrate is decomposed by 
carbonic acid. 

Sucrose fo^s unstable double compounds with salts, some of which may be got crystalline (those 
with alkali hmides), others being viscous ; this probably accounts for the melassigemc power a^ve 
referred to. 

Sucrose is acted on by many ferments. Thus by mvertase of yeast it is trans- 
formed into invert sugar , it is also liable to the lactic butyric fermentation more 
characteristic of lactose. In cane juice it is liable to fermentation, giving rise to 
dextran, levulan, and ethyl acetate respectively. 


Sugar Production of the World, 1905-1909.* 


Country. 

1905-06. 

1906 07 

1907-08 

1908-09 

1909-10 

Cane Sugar. 

United States — 
Louisiana and Te^as 
Hawaii 

Porto Rico - 

- 

Tons 

348.75* 

383.2*5 

213,000 

Ton*. 

243.000 

392,871 

210.000 

Tons. 

352.000 
465,288 

200.000 


Tons. 

335.000 

490.000 

280.000 

Total United States t 

944.977 

845.871 

1,017,288 

1,092,817 

1,105,000 

Cuba 

Other West Indies - 
Mexico - 
Central America 

South America- 

• 

1,178,749 

302*163 

107,529 

18,516 

700,001 

1,427*673 

275*257 

119,496 

19*747 

628,777 

961,958 

*55,639 

1*3.285 

19.258 

540,518 


1,700,000 

316.000 

130.000 
21,000 

684.000 

Total America • 

• 

3*251*935 

3,316,821 

*.917.946 

3,703,115 


Asia 

Afnca 

Oceania 

Europe 

• 

2,926,209 

317.967 

230,000 

15.72* 

3 * 443*794 

326,825 

249,000 

16,400 

3,421,827 

284,870 

280,725 

11,000 

3,353.685 

318.992 

231,098 

20,000 


Total cane-sugar production 

6.741.833 

7,352,840 

6,916,368 

7,626,890 

7,844,328 

Beet Sugar. 
United States - 
Canada - 

- 

279*393 

11,419 

431,796 

11.367 

i 

413,954 

7,943 

380,254 

6,964 

■ 

Total Amenca • 

• 

290,812 

443.163 

421,897 

387,218 

466,364 

Europe — 

Germany 

Austria-Hungary - 
France - 
Russia - 
Belgium 

Netherlands - 
Other countnes • 

• • 

• « 

• • 

2,418,156 

1*509*789 

1 ,089,684 
968,500 
328,770 
207,189 
410,255 

*,*39.179 

1.343.940 

756.094 

1,440,130 

282,804 

181,417 

467,244 

2 , 1 * 9.597 

1,424,657 

727,712 

1,410,000 

* 3 *, 35 * 

175.184 

462,77* 

2.080.000 

1.398.000 

502.000 

1.265.000 

258.000 

214.000 

500.000 

2.040.000 
1,2^,000 

825.000 

1.150.000 

250.000 

200.000 

460.000 

Total Europe - 
1 

• 

6 . 932.343 

6,710,808 

6,562,274 

6,517,000 

6,185,000 

Total beet-sugar production 

7 , 2 * 3.155 



6,904,218 

6,651,364 

Total cane and beet sugar - 

13,964,988 

14,506,811 

13,900,539 

14,531,108 

14.49s.69* 


* In long tons of 2,240 lbs , except in the case of European beet-sugar production, which has 
been retained in metnc tons of 2,204 622 lbs., as estimated by Licht United States beet-sugar 
data were obtained from reports on the Prc^press of the Beet-Sugar Industry in the United States | 
other data from official statistics of vanous countries, and from Willett and Gray, 
t Not including the Phihppine Islands, which are included under Asia. 
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Pure sucrose is not oxidised by Fehling’s solution, the gradual reaction being 
attnbutable to inversion. 

Production of Sugar.— The only sources of great commercial osignificance 
are from the juices of the cane and su^ar beet. The sugar palm, date, sorghum, 
and maple are worked* for sugar, which, however, chiefly finds local use. As 
r^ards distribution, cane is a tropical plant or sub-tropical indigenous to Southern 
Asia, and beet is a temperate zone crop. The annexed table from the U.S. Rej^rt 
on ^‘Progress of Beet-Sugar Industry in 1909," indicates both the geographical 
distribution and output in tons of sugar. 

The British importation for 1908, 1909, and 1910, in tons, was: — 



1908. 

1909. 

1910. 

European refined (beet) - 

940,987 

944.372 

846,862 

Raw beet - - - . 

493 » 72 i 

522,17s 

319.703 

Raw cane • • • 

240,420 

292,959 

562.165 

Total - 

1.675,1*8 

1.759.506 

1.728.730 

Per cent, beet 

857 

83.4 

67.5 

Per cent cane 

14-3 

166 

325 


The average value per cwt. was 15s lod for refined, and 12s. lod. for un- 
refined 

Sugar cane contains on an average. * — Sucrose, 1 1-16 per cent ; reducing sugar, 
0.4-1 5 per cent.; ash, 0.5-1.0 per cent. Other constituents are fibre (10-15 per 
cent.), pectin, nitrogenous matter (o 6 per cent.), and organic acids. 

Beet juice contains about 15 per cent, sucrose and 5 per cent non-sugar 
(ash o 8, nitrogenous 1.6, pectin, dextnne, raffinose, and minor constituents). 

The per cent, sucrose of the total solid matter is the “ quotient of purity ” and is 
a guide to the quantity of crystallisable sugar 

The sugar content of the beet has been improved since 1840 from about 
6 per cent by careful selection, only those roots showing a high sucrose per cent, 
being used for seeding. Occasionally beets contain over 20 per cent sucrose 
In the season 1908-09 the German average was 17.63 per cent., and for that 
season beets containing as much as 28 per cent, were noted. The average sugar 
yield per acre in Germany is 1.83 tons, the highest in Europe, the general European 
average being 1.47 (Russia, 081, Germany, i 83) t As a rule high sucrose per 
cent. IS found along with a low tonnage of crop. 

The yield of sugar from cane varies, averaging about 4 tons, and sometimes 
reaching over 5 per acre. 

The cost of production depends mainly on sugar content, and may be kated 
approximately at 9s. per cwt. under the most favourable conditions. In the good 
1908-09 season it fell to 8s 6d, in Germany. The cost of cane is less by about 
IS., and so low a figure as 6s. 6d. is quoted by Martineau. 

It has been repeatedly shown that good beet crops can be raised in Great Britain. Among 
recent demonstrations may be mentioned the Suffolk tests of 1906, reported on by the East Suffolk 
Chamber of Agriculture. The average crop of twenty independent tnals was 14 tons 17 cwt* 
per acre of roots, contaming 16.21 per cent sucrose, of punty coefficient 87.3. The lowest yield 
was 6 tons 6 cwt., giving 15.96 per cent sucrose, of purity 89.7 (suffered from drought) ; the 
largest yield was 25 tons 10 cwt., pving 14 8 per cent sucrose, of punty 83.0 ; the highest sucrose 
per cent, observed was 19 4, of punty 90 8, m a yield of 14 tons, 

A sample grown m CWx (1910) was found by the writer to give sucrose 15.6 per cent., with 
a punty coefficient of 92.8. 


* From Prmsen Gecrligs* Cane Sugar. " 
t From G. Martineau, ‘‘Sugar.” 
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Fig. 51. — Section of Beet 
Slicing Knife. 


The stages in the* technical extraction of sugar may be divided into (1) 
Preliminary treatment ; (2) Preparation of dilute extract by expression or solution ; 

(3) Purification or removal of extraneous organic matter (gums and proteins); 

(4) Concentration to thick syrup; (5) Boiling to 
crystallisation or strike point; (6) Crystallisation; 

(7) Turbining, or centrifugal separation from 
molasses. 

The later stages of this series (4-7) are alike 
for beet and cane, the other operations differing 
chiefly in detail. The operations will be outlined 
for the beet extraction first. 

I. The preliminary treatment consists 
in topping, which is done on the field, thoroughly 
cleansing, drying, weighing, and slicing the roots. 

Washing to remove earth and stones is performed 
by running the roots in a stream of water, m 
which a rotating axis having specially arranged 
wooden arms agitates them and drives them forward, stones sinking, and lightei 
impurities being removed by the reverse water current. 

More compact machinery is sometimes used, for example m Raude^s system, in which the 
roots are fed into a vertical cylinder of water m which helices are working. They sink, are driven 

to the periphery, and then up- 

1 wards by the screws to the exit, 

from which they are taken on 
an endless screw The cleans- 
ing in such cases is caused by 
the rubbing of the roots to- 
gether, and requires that the 
machine shall be kept full. 

The beets are then 
sliced. They are fed into 
a hopper from which they 
pass on to a horizontal cir- 
cular disc carrying knives 
by which they are cut into 
slices 

The most usual form is 
V shaped, like the ridge tile of 
a roof, a form which tends to 
prevent close packing, a desir- 
able point in the subsequent 
difiusion. The discs vary from 
12-25 u^etres m diameter. 
The Knives are fixed into 
holders, which can be easily 
taken off or fixed, and it is of 
great importance that they 
should be very keen, so as to 
give well-cut slices 

2. The Preparatioii 
of a Solution— DifTu* 
sion. — Expression of the 
juice has been abandoned 
now for many years in the 
beet industry. The diffu- 
sion process(Robert, i860) 
takes advantage of the 
phenomenon of osmosis 
through the cell watL 
FtO. Beet Slicing Machine. (Brand Be LhailUcr, Brllnn.) When immersedln watet 
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Fig. 52. — Diffuser of 115 Hectolitres Capacity. (Brand & Lhuillier, Brttnn.) 



sucrose, salts, and the simpler organic acids and amino-acids are permeable, whilst 
pectins and proteins are retained in the cell Such small quantities of these latter 
as are found in the diffusates are derived from cells which have been cut or^ torn 
in slicing. The thin syrup of diffusion is therefore purer than the plant juice. 
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Further, diffusion may be made exhaustive and economical by allowing the water 
from partially exhausted slices to pass on successively to fresh ones, thus ensuring 
the continuity of the operation and the production of diffusion juice in the ratio 
of not more than 115 to 100 of cell sap, which shall contain practically all the 
sugar. Or manifestly, if desired, any percentage of sugar may be left in the slices 
as is done in the Steffen process, where about 3 per cent, of sugar is not extracted. 

A diffusion battery consists of several cells or diffusers arranged either in rows or in a circle, the 
number of cells varying from eight, but in modern work usually being from fourteen to sixteen. The 
diffusers are cylindrical iron vessels of from 4,000 to 8,000 litres capacity, and having on the average 



Fig. 53, — Pressure-Diffusion Process of Hyross-Rak. 

the ratio i : 1.3 of diameter to height, provided with manholes at the top for feeding, and having 
discharging doors either in the base or at the side. Calorisators may be interposed between the cells, 
Or healing may be effected steam injection. 

The temperature for dimision is from 7o®-8o® C. which should not be exceeded. The higher 
temperatures are better for sound beets and rapid work. 

The lowest theoretical volume of diffusion juice is 94-95 per cent., that is, die sap content 
of the roots. In practice 105-106 per cent calculated on tne roots is usual. Higher dilution 
may mean more thorough extraction, but this may be commercially nullified by the greater fuel 
consumption required for evaporation. From 0.15-0.35 per cent, approximately of residual sugar in 
the slices represents the limit of extraction. 

In the working of a battery, that diffuser which has been freshly filled is charged with warm, 
nearly concentrated, juice, which can take up a little more sugar, and then with juices of diminishing 
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Strength down finally to fresh water* whidi passes on through successive diffusers to saturation* 
filk charge of water is usually admitted from below in order to loosen the mass of slices so as to 
fricihtate the discharge of the exhausted slices* which are expelled by compressed air or water. The 
first cell of the senes (f.e., the one freshly filled) is charged under pressure, which s^rv^ to propel 
the juice from cell to cell of the battery. The time occupied for a battery of sixteen diffusers will 
be about six minutes for each cell, or ninety minutes for the battery. 

In mo<km work certain variations in practical respects are m vogue. Hot diffusion systems 
(Malichar-Cemy, Naudet, and Kohler) have for their object the formation of more concentrated 

juices by working rapidly at 85*, and 
further, by reason of albumen coagu- 
lation, the production of purer tnm 
f syrup. Saving m fuel and lime is 

b ^ effected. 

* " ‘ In Kaiser^s process the fresh slices 

are warmed by spent steam to about 
70® before washing with juice. 

The pressure-diffusion 
processes of Hyross-Rak 
and Steffen aim at the utilisa- 
tion of the diffusion waste 
water, and the preparation of 
a more or less sugary diffusion 
^ slice for use as a cattle food. 

Since, as the result of the 
^ operation of the Brussels Con- 

*0 vention, cane sugar has been 

g able to compete on even terms 

g with Continental beet sugar, 

^ and m consequence supply 

§ having overtaken demand, the 

J value of 88* sugar is little in 

Q excess of the cost of produc- 

tion, attention has been turned 
I increasingly to the support of 

^ the sugar industry by the pre* 

I paration of high grade dry 

^ slices for feeding stock. 

Obviously such extraction 
£ methods must be combined 

with the installation of slice- 
drying plant 

In Hyross' Rale’s process (Fig. 
53) the slices are forced by an Archi- 
medean screw through several dif- 
fusers arranged laterally. In the first, 
fresh slices are in contact with more 
concentrated juice and from this 
unit the thin syrup is withdrawn 
In following units the successively 
poorer slices are in contact with 
thinner juices. The cells are cylin- 
drical at the begmning, conical 
thereafter, and open into enlarged 
spaces from which an ingenious 
propeller transfers the slices to the wide end of the next cell. In spite of the 180® turn of the moving 
mass It IS claimed that the process is quite contmuous. The water consumption is given as 35-30 
litres per 100 kilos of sUces, the residue having 22 per cent, dry matter of 2.6-3,9 per cent, sugar 
cemtent Roots of x6. 5-16.7 per cent, sugar gave juice of sp. p. 2.0742, having 85.5-89.5 punty, 

^ In Stefifeti’s process the roots pass from a weighing machme to a sheer, where slices ot i 5 mm. 
thickness are cut (Fig. 54). From the sheer they are carried through an inclinsd tube by hot syrup at 
92®-97* into the mfifii^r consisting of a horizontal tube, in which the slices are at 82®-8^> leading to a 
second tube of perforated iron where separation of juiee from ^ces tikes place. The third element 
^s an inclined also perforated and built with the secoikl into the same juice dumber. In it 
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the slices are lifted from the qmip and at the upper end submitted to preliminary pressure. Thence 
the slicers pass to a final inclined tube where maSkine takes place and pass on to slice presses. The 
slices remam three minutes in the brew vessels and the whole interval up to completed pressing is 
about ten minutes. 

Diffusion slices, or pulp, result in the proportion of about 85 per cent 
of the original roots. Undried slices contain on the average 6 per cent, of total 
solids and 94 per cent water. About 0.2 per cent, of sugar remains in the pulp, 
excepting in the Steffen or similar processes, when about 3 per cent, remains. 

By pressing, the total solids may be raised from 6 to 10 or 15 per cent, the 
yield of pulp may be reduced from 85 to 51 or 34 per cent respectively. But 
strong pressure involves some loss of nutrient substance and pulp, and will therefore 
only be employed when it is intended to dry the pulp, in which case the saving 
of fuel will compensate the loss In question. 

Pulp presses for the most part consist of Archimedean screws on perforated axes working 
within conical perforated cylinders. As the pulp is dnven forward it is compressed, the water 
draining away by the perforations m the axis and wall of the cone An installation may be made 
tn whicm the pulp elevators end in conical press cylinders. 

It IS to be remarked that those processes in which the diffusion press water is 
returned to the batteries as above mentioned effect saving both of sugar and other 
nutrient substances, as well as solving the problem of waste water disposal. 

Wet slices are often fed direct to farm stock, or are “ siloed,” that is, stacked 
in large heaps, when fermentation sets in with production of acidity due chiefly 
to lactic acid, and a fall in protein occurs. Wet slices do not, however, j^ssess 
very great durability or commercial value, and in very many mcklern Continental 
works drying plant has been installed. Two systems are operated, namely, fire 
drying by furnace gases according to Biittner-Meyer, and steam drying according 
to Sperber, the former being more usual. 

The composition of dried slices varies, the subjoined figures from Stift^ 
Gredinger, “ Zuckerrubenbau,” illustrate this point. 


• 

Ordinary Shccs. 

Steffen Sugar 

Hyross-Rak 

(Steam- 

Dned).t 


Fire-Dried. 

Steam-Dried 

Slices.* 

Water • ... 

Protein .... 

Amides .... 

Fat 

Carbohydrate 

Fibre - . - • • 

Pure ash - - - • 

Sand 

4.19-15.80 

4.50-8.81 

0 06-1.31 
0.22-1.80 

47.70-6a.73 

13 60-22.84 
8.63-5.96 
ao2-2.94 

8 36-11 76 

6 ^-10.25 

0 12-0.25 
0.51-1.1^ 

55. 14-60.64 

18 45-21 60 
3.18-4.97 
0.04-1.13 

6.05-13,0 

1 580-7.0 1 
a 30-0 50 

66 50-69.10 
10 50-19*95 

} 3 S 0 -S -0 { 

2.79 

0.23 

61.4s 

21.76 

2.82 

2*SI 

% 


In the Biittner<M^tr aj mtem (Fiv. 5|) the wet slices are fed into an oven, built mta which are 
three tiers of hoozontaf rotating shafts navmg blades by means of which the ^ices are turned and 
propelled forward from set to set of agitators. In the opposite direction to that of the slices passes 
a current of mixed furnace gases and air, enteriim the kiln at 8oo*>i,ooo” C. By this hot current 
the slices are rapidly drkd, and by reason of evaporation do not probably go above 100* C. 
Drying is^not, however, preyed too »r in case of fire. 

In atekm-drying accordii^ to tiie Sperber method, the slices after wet presang are ground^ 
to facilitate drying~*and fod into an iron chamber having four double-walled non tron^, heated 
by spent steam. Each trough Is provided with a pipe calonsator heated by live steam at 4-5 
atmo^heres, and with transport blades. The divided mass is thus passed along the first trough, on 
to the second, third, and fourth, alternating in direcfion. The disenmed steam Is withdrawn by 
an exhaust, which also draws in warm air, a partial vacuum being pro<m<^, which aids drying. 


♦ Contsining 3(^o«38.4 per cast sugar. 


^ Containing 12.6 per cent, sugar. 
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3. Purification of the Thin Syrup. — Diffusion juice averages 11-15 per 
cent, sugar, and 13°-! 7° Balling, showing purity of 85.5-89.66, invert sugar not 
exceeding about i per cent., and ash being about 2. 5-3. 5 per cent. 

Vegetabledetritus from 



the batteries must be re- 
moved, and this is done by 
pulp filters, which are 
cylindrical fine sieves, in a 
wider containing cylinder. 
The juice, in passing 
through the filter, leaves 
solid particles on the sieve, 
which must be cleaned from 
time to time. 

All practical systems of 
purification depend on the 
use of lime, which has been 



practised for many years. 
In simple “defecation,” 
after admixture with milk 
of lime and heating, the 
scum is removed. The 
great difficulty is in mixing 
the correct quantities. An 
excess of lime is prejudicial, 
since it acts on the reduc- 
ing sugars ; moreover, loss 
may occur through forma- 
tion of the insoluble tribasic 
calcium sucrate. These 
irregularities are entirely 
overcome by “ carbona- 
tion,” which is universally 
employed in the beet 
industry. The general 
principle of carbonation is 
the treatment of the warm 
juice with milk of lime and 
precipitation of carbonate 
therefrom with carbon 
dioxide. Any insoluble 
sucrate is thus decomposed, 
and the voluminous pre- 
cipitated chalk carries down 
with it proteins and pec- 
tins, probably by absorp- 
tion. This effect is similar 
to that of lime in the 
clarification of sewages, and 
the removal of colloid 
impurities is possibly a 
physical and not a chemical 
reaction. Most of the 


organic acids, notably oxalic, are also precipitated as lime salts. 


Carbonation brings about a remarkable improvement in the mobility and colour of the juice, 
which becomes quite clear and limpid. 

Before treatment with lime the juice is warmed. On leaving the diffusers it has a temperature of 
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20 *- 35* C., and before liming it is raised to about 8o*-85* C. with the object of coi^lating some 
of the protem» which is thus rendered less liable to decomposition b^ the alkali* Sometimes the 
albumen is filtered through cloth, but this does not seem to be of special advantage. 

Liming IS performed either by means of milk of lime or by the immersion 
of lumps of quicklime* 

In the ** wet process ” by milk of lime the warm juice is run into cylinders or 
“ malaxeurs,” holding from two to three times the volume of juice from one diffuser, 
having an iron stirrer making ten to fifteen revolutions a minute* From above the 
calculated quantity, either measured or weighed, of cream of lime is added. 

Special measurmg vessels are used in which the weight of CaO dehvered is shown on a 
graduated scale by pointers worked by floats in the cream of lime On the average the addition of 
Ume IS in the pro^rtion for 100 of roots for the first saturation of 2 5-3 per cent CaO, and for 
the second saturation o 25-0.^ per cent. CaO. 

The quantity of milk of lime to be added and the volume change of juice resulting are to be 
exactly calculated For instance, supposing it is desired to add 3 per cent, of lime to a juice of 
1 15 per cent., and that the milk of lime 1 ^ 20** Beaum^, a gravity corresponding to 206 g CaO 
per litre; we have 3 kilos lime (to the 100 kilos roots) m 3,000: 206 = 14 56 litres milk of lime, 
weighing 14 56 X 1.162 = 16 92 kilos Or about 17 per cent calculated on roots, or 12 66 per cent, 
by volume, calculated on dilution 1 15 per cent. Further, the dilution is 16 92 - 3 = 13.92 per cent* of 
water on roots or 12. i per cent on diflusion juice* 

“Dry liming” must be effected by immersing the quicklime in a flat sieve in 
the juice which is kept actively circulating by stirrers Otherwise considerable local 
superheating due to slaking will occur, with corresponding decomposition of the 
sugar solution 

Opinion vanes as to the relative advantages of wet and dry liming The solubility of quicklime 
in sugar is greater than that of slaked lime on account of the readier formation of sucrates by the 
former agent, and it is claimed that clearer syrups are got therefrom. In dry limmg dilution is 
avoided, but on the other hand in wet liming the liquor from the lime filter presses can be used for 
slaking, whereas in dry liming it has to be evaporated, so that this advantage is cancelled. For dry 
liming Ss"* of heating is desirable else the decomposition of amides is incomplete In the event of 
invert sugar being present dry liming tends to its decomposibon, the products forming coloured iron 
salts. In neither process does the lime sludge from the filter presses contain notable quantities of 
sugar 

The juice having been limed passes to the “saturators,” tall four-sided or 
cylindrical iron vessels, into which the carbon dioxide is pumped and injected into 
the liquid under pressure through various types of gas dividers (Fig 56) 

Only about one-third to one-half of the gas is absorbed, the remainder passing out of the saturator. 
Temperature is maintained by a copper steam coil* At first the juice foams greatly, and has a some- 
what gelatinous consistency, being unfilterable* Foam is destroyed by the sparing mtroduction of 
oil (tallow or castor oil) or by blowing steam direct on to the suiface. As saturation proceeds the 
current of gas is increased, and the precipitate shows greater tendency to settle. 

When an alkalinity of 0.05-006 per cent, by phenolphthalein titration, and 
reckoned as CaO, is attained the first saturation is finished in from twelve to fifteen 
minutes 

ConUnuous carbonation is desired to secure more complete absorption of the gas. The current 
of gas IS divided by means of a turbine, and distributed through the mass of juice in a saturator of the 
ormnary type, having at a height of about 2 metres an outlet conductmg the liquid to a second 
similar tank. TJie gas and juice outlet valves being opened, the admission of juice is so reflated 
that It passes over into the second saturator with an alkahnity of about 0.14 per cent, and is then 
saturated further, so that a continuous stream of ao5-ao6 per cent CaO may leave the installation. 

After passing through a sand and stone trap the turbid fluid is pumped to the 
filter presses. These are all based on the well-known Dehne frame-press system, 
p. 34. 

Washing of the sludge cakes is necessary, the degree of washing being determined by considera- 
tions of fuel consumption involved in extra evaporation, and is seldom pushed to the limit. 
Unwashed sludge cake forms about 12 per cent, reckoned on the weight of roots, and contains 
about 60 per cent, of syrup, equivalent to 7-8 per cent of sugar, thus meaning a loss if unwashed 
of about I per cent* td su^ reckoned on the roots* 
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Fro. 56.— Satumtors. (Brand & LbuOlier, Brunn«l 


kludge cakes, which have manorial value, vary in composition according to figures quoted hy 
Stift-Gredmger as shoan o ^ / 

Water - - . 35*9^ to 59.31 Nitrogen • - - a 12 to a4i 

Lhalk • ^ - 28.0 ,,50,00 Phos^oric acid - ^ 0.50,, 2.22 

” 0.10 „ 1.51 Organic matter • - 7.11 ,, ia.r 

Potash - - - 0.04 „ 0.40 

Second saturation follows the same course as the first, the preltminaiy heating 
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on account of the diffeiteit form and texture of the plant and sdso from the fiict 
that ui most cane districts fiiel is scarce, and the residual fibre, or ' bagasse forms 
the needful combustible 

Tlic canes are fed as regularly as possible into crushing milk 
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It is obvious that no crushing can effect a complete expression of juice, and 
maceration of the crushed bagasse is resorted to. Upon leaving the rollers the 
compressed fibrous mass on expanding is able to take up water fairly thoroughly, 
although not so completely as to fill up all the cells. Maceration with the lart 
mill juice of the bagasse leaving the first mill may be performed if the crushing is 
sufficiently powerful to disintegrate the cane, and this may be secured by means of 
cutters or shedders, which have the further advantage of securing more regular 
mill feeding. According to this method of working, the juice (in a three-mill 
system) from mills i and 2 passes to the clarifiers, that from 3 being returned 
to the bagasse leaving i. 


Maceration must not be carried too far, else the extra cost of evaporation will not be covered 
by the increase of sugar extracted. According to Prinsen Geerligs 12-16 per rent, maceration 

S ves good results m Java, the sucrose content of bagasse being 4 5 per cent. Figures quoted by 
e same author of the results of a twelve-roller mill afford a good idea of the kind of results 
obtainable. 


Sucrose in cane • 
Fibre m cane 
Sucrose in bagasse 
Moisture in bagasse 
Fibre in bagasse 


1537 

10 98 
328 
4 S 66 
4992 


Sucrose lost in bagasse on 100 

cane o 76 

Extraction on 100 sucrose in cane 95 40 
Dilution by maceration on 100 

normal juice - - -2612 


In consideration of the loss of sucrose, and further of the expression of 
objectionable colloidal impurities, very naturally much attention has been directed 
to the practicability of diffusion for cane extraction, but diffusion is not applicable 
in practice for several reasons. Although the juice contains less impurity, diffusion 
in test experiments quoted by Geerligs gave a 95 per cent extraction, with a 25 per 
cent, dilution, or only 2 per cent, more than crushing with a 14 per cent, dilution 
But the chief difficulty seems to be in respect to the bagasse, which from diffusion 
is saturated and must therefore be either sun dried or rolled before use as fuel, 
whilst, having a finer texture, its value as fuel is impaired Greater work is 
thrown on the boilers for the extra evaporation and driving of the very powerful 
slicers needed to prepare the cane for diffusion. 


Crushing vrith subsequent systematic hxiviation of the bagasse, according to Pernchon, has 
been successfully practised m E^pt The bagasse is fed into waggons having sieve false bottoms 
and discharge valves, and holding about if tons of bagasse. Hot water is run on to the contents 
of the waggon, and after about seven minutes drawn off, and pumped up to a tank above the 
waggon levels, whence after reheating it passes to a second waggon, and so on over nine waggons. 
This system gives probably about 15 per cent, dilution, and accomplishes an extraction equivalent 
to 96 7 per cent, on juice 

In the Naudet process the bagasse from a double mill is charged into a diffuser in which it is 
mixed with cold mill juice. The juice is drawn off by a centrifugal pump, passed through a heater 
and liming trough, returned to the top of the diffuser, and then percolates the bagasse. In this 
w^ defecation is effected. The ba^se is afterwards exhausted systematically as in ordinary 
difmsion. The juice having parted with its impurities to the bagasse is ready for evaporation. 

The Harvey firm have installed Naudet plants, and Mr Harvey * reports that an extraction of 
95 per cent has been obtained in Madeira, whilst in Porto Rico 96 per cent, sucrose was recovered 
with a 9 per cent, dilution in 100 of cane (equal to about 10 per cent, in 100 of juice), the sjnrup 
having 1 3* Bnx [total solid] less than dry milled juice, and the same quotient of punty. 


The composition of cane juice vanes. The following figures extracted from 
Pnnsen Geerligs' “ Cane Sugar ” will serve to give an idea as to its components. 
It will be observed that reducing or invert sugar is the constituent which mainly 
distinguishes cane from beet juice. 

The figures display in a clear fiishion how glucose, being more diffusible, is expressed more in 
the first mill, whereas the colloidal pectins and albumens are expressed more completely in t^ 
second and ffiird. As regards the maceration juices, these, if reduced by calculation to original 
gravity, diow amilar compositions to those got by expression without maceration 


Intematimal Sugar Jpurfuilt 1905, 326. 
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Black Java Cane without Maceration 

Borneo Cane with Maceration 

First Mill. 

Second Mill 

Third Mill. 

First Mill 

Second Mill 
Diluted Juice 

Third Mill 
Diluted Juice. 

* Bnx - 
Sucrose 

Reducing sugar - 
Ash - 

Gum and pectin - 
Albumen • - ' 

Free acid - 
Quotient of purity* 
Glucose ratiot 

19 2 

16.49 

I ^ 

0^8 

0 125 
0025 

0 048 

859 

12 0 

193 

16 33 

I 57 

0 41 
0376 
0092 
0.072 
844 

96 

19 0 

15 95 

I 52 

0 42 

1 250 
0054 
0096 

840 

95 

185 

16 76 

0 89 

0244 

0063 

0 024 

0 042 

9059 

53 

14.8 

1265 

059 

0425 

0 150 

0 068 
0039 

8547 

47 

67 

550 

033 

0.199 

0 099 
0047 
0016 

82 10 

60 


The clarification of cane juice is still largely performed by the old style 
process of defecation with lime, although carbonation and sulphitation are exten- 
sively employed, on the same general pnnciples as with beet But by reason of 
the relatively large amount of Cg sugar great care has to be exercised on account 
of the decomposition of these by lime into organic acids, which may cause injury. 
Thus in carbonation a temperature greatly exceeding 50* is not advisable 

In event of the juice being infected with organisms it may be heated to sterility 
before liming 

In the practice of defecation everything depends on the use of the correct 
proportion of lime, and the tempering ought to aim at neutralising the free 
acids. The lime salts precipitated on heating absorb or mechanically withdraw 
most of the albumen and pectin and remove fibrous particles, the whole rising to a 
scum on the top of the pans 

Defecators consist of hemispherical steam -jacketed copper pans. After heating nearly to boiling 
the mass is allowed to subside, and there is tapped off from below first the heavier sediment, 
sand, etc , then the clear juice, and finally the scum 

As variations of this procedure the juice may be boiled m iron pans and drawn off, when, 
as air has*been expelled, Uie scum sinks in the settling tanks ; or the scum is removed by skimmers 
into a gutter at the top of the tank ; or in continuous defecation the juice at about 90* passes through 
one or more pans, m which it is rapidly boiled, continuously to the settling tanks. 

In Denning’s system the limed juice is pumped through three horizontal vessels having pipes 
connected with chambers at each end, so that the juice rapidly traverses them backwards and 
forwards In the first vessel, or “absorber,” cold juice circulates outside the pipes, and passes 
on to the second absorber, where it arculates inside the pipes, which are heated by exhaust steam 
In the third, or “ digester,” the juice is rapidly brought to about iio® C. by circulation in the pipes 
surrounded by live steam The hot liquor then passes through the pipes of the first absorber, thus 
saving heat by a preliminary warming of the contents of that vessel 

Concentration to Thick Syrup. — This used to be done in open pans over 
free fires, a process which tends to the formation of caramel and invert sugar, and 
which was most wasteful of fuel. Heating by means of steam coils was next 
adopted, a process ultimately supplanted by “ multiple-effect ” evaporation introduced 
by Rilheux and modified by Jelinek. In principle the process is simple Steam 
from a closed juice evaporator is caused to heat a second at lower temperature, 
which in Its turn heats a third in triple-effect working ; or a fourth and sometimes a 
fifth vessel may be added in quadruple and quintuple effect (Fig. 59). The last vessel 
is in connection with an exhaust pump, whereby steam is removed and pressure 
reduced, so that boiling takes place at a lower temperature, with the result that very 
little heat is lost The syrup passes from the first vessel onward with increasing 
concentration, and under diminishing pressure. 

Two mam types of evaporators are in use having vertical and horizontal heating respectively. 
In the verticsJ type the apparatus (see Fig 63) consists of a tall cylinder having at the bottom the 
heating space, which is made up of two horizontal iron plates perforated and fitted with two hundred 


* Percentage sugar in total solids. 


t Glucose per 100 parts sucrose. 
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to three hundred brass or copper j»pes of about 30-55 mm. diameter and several wid^r circulation 
tubes. The whole forms a steam chest in which the outsides of the tubes are heated either by direct 


to^ be such that on ebullition the froth overflows the top of the heating chamber. Concentrated 
}uice passes from a valve in the bottom to the next unit. Disengaged air and ammonia pass off 
through a special tube. The steam from the boilmjg; juice is depnved of sugar conveyed over by 
spurting by a dephlegmator in the upper dome and by inclined baffle plates m the honaontal drum 
connected therewith, whence the syrup returns to the evaporating space. The vessel is further 
fitted with observation windows, ^rup level, and hydrometer test glass, manometer and thermometer. 

In the horizontal or WdUner-Jelindc plant the steam traverses layers of horizcmtal tubes 
surrounded by the juice and passes backwards and forwards through the layers of lubes 

The vapours from the last unit are removed by barometric water pumps, where the steam is 
condensed by a spray of injected cold water, and the condensed water falls through a height of more 
than 30 ft, air being withdrawn by air pumps (Fig. 60). 
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Fig. 59, — Quadruple- Effect Evaporators. (Brand & Lhuilher, Briinn.) 

Concentration is carried on to about 60® Balling for beet juice or 60 per cent. 
Brix for cane, and the quantity of water to be evaporated (W) may be calculated 
from the formula — 

w.k(.-D 

where K« weight of juice and Sj and Sg initial and final gravities respectively. 

Using steam a‘t 1.5 atmospheres in the first unit, we have a temperature of 112® C , and if we have 
60® as the boiling point in the last unit, the total fall is 52% which is divided in multiple effect 
between the vanous units. Thus the temperature difference, the difference between heating 

and evaporated steam, in each umt will be 52 , where h is the number of units. This fell is, how- 

ft 

ever, not equal in practice, rising from the first to the last vessel 
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Some data illustrating the process of muliiple-efrect evaporation} extracted firom %ures givexr by 
Jelinek for the horiaontm system, are here tabulated. 

It will be seen that the gain hy add^ units diminishes, and in practice ^neratly triple and never 
higher than qiaintupk eHect is used* The efi^ciency depends on the ** coenScxent of timnsimssicm,’* 
4^., the calones transmitted per mhitite per sc^uare metre of heating surfs^ce for i** C. difference. 
For the honsontsd ^em this him been ascertained at aa* for the uprighi <5* 
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The Kestner climbing film evaporator is now used to an increasing extent in 
sugar manufacture. A unit (see Fig. 60a) consists of a “ calandria ” composed of a 
shell or casing containing the evc^Mrating tubes, which are 33 ft. long. The sugar 



Af Live steam inlet 
B, Vapour outlet. 

D, Centrifugal t>afRe. 

E| Condensed water outlet 
G, Air drain. 

L, Concentrated liquor outlet 
M) Calandria. 

R, Evaporating tubes. 

S, Separator. 

T, Weak liquor inlet. 

V, SavcnOL 


Fig. 60a. — Kestner Climbing 
Film Evaporators. 



Fig. 60b , — Kestner Evaporators 
Used in Multiple Effect. 


solution is fed into the apparatus at the lower inlet t, and passes from the feed box 
into the tubes. The steam or exhaust vapour (whichever may be the medium 
employed to heat the liquor) enters the calandria of the evaporator at a. The 
liquor boils in the tubes, a column of vapour rises up the tubes with a high velocity, 
and at the same time draws up a film of liquor on the inner surface of the tube. 

Above the calandria is fitted the separator s, which consists of a cylindrical 
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vessel containing a centrifugal baffle placed immediately above the tubes, and so 
constructed that the liquor and vapour rising in the tubes up the calandria strike 
against the curved vanes of the baffle with a considerable velocity, thereby setting 
up a whirling motion which, by centrifugal force, effects a complete separation of 
the liquor from the vapour. The concentrated liquor passes down the outlet L, and 
the vapour, after first passing through the save-all, which is fitted in the upper part 
of the separator, leaves the separator at b. This vapour is usually used for passing 
into a second unit so as to obtain multiple effects in the usual way. 

The velocity of the liquor through the tubes is so great that it only remains in 
contact with the heating surface for some few seconds before arriving at the 


Hestner Double Effect 9 



MtJl$50 Tone per <lay 
Steam Pressure WO lbs 7 .* 5 •PTC, 

Fig. 6oc, — Diagram of Evaporator for Working 350 tons of Cane per twenty-four hours. 


separator. There is, therefore, no burning or coloration of the liquor. Also there 
is no “entrainment” (/>., escape or frothing over) of the liquor with the vapour. 

Fig. 60^ shows the method of connecting up Kestners for multiple effect. 

Fig. 600 shows an illustration of two Kestners, one of which is used at the 
head of an existing ordinary triple vacuum pan so as to convert it into quadruple 
effect, while the other Kestner is used as a “ pre-evaporator ” — an application of the 
Kestner which is increasing. 

The thin juice enters the heater i, and is heated by steam coming from the 
Kestner 3. The thin juice then passes into the second heater 2, and is heated still 
more by the steam coming from the Kestner 4. Finally, the juice enters the 
Kestner 4, and is heated by exhaust steam at 30 lbs. coming from the mill engine 5. 
The juice passes from the Kestner 4 into the Kestner 3, and thence is either run 
off, or if necessary, passes into the triple evaporators 6, 7, and 8, where the final 
evaporation takes place. 9 represents the barometric condensation plant attached 
to the triple expansion pan, while 10 is another vacuum pan worked by exhaust 
steam coming from the air pump 1 1 and the turbine engine 12. 
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Plirtiig heating m evapomtion there occurs mill beet juice a tioiable 
deertast in alkultnity This is due matn!> to the disengagement of ammonm 

Juice of i Bg usualh has a phcnolphthatein alk^linit) of o 015-0 02 per cent 
reckoned as CaO and on concentration to 60 Bg instead of gn iwg i?e times it 
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calandria in the evaporators made by the Harvey Engineering Company of 
Glasgow (Fig. 63). 

In many cases in the beet works the so-called middle juice, juice from the last evaporator 
but one, of sp, 3 ®*‘ 35 * ®g*j is saturated before further evaporation. This is done by joint car- 
bonatioQ and sulphitation to an alkalinity of 0.02-0.04 per cent. CaO, or by sulphitation to an 
equivalent degree. In any case such sulphitation is effected on the thick juice. In order to render 
the liquid more mobile for filtration it is raised to 95“ C. before that operation. 

Jmce from cane which has been purified by defecation will not filter, and is generally allowed to 
subside in eliminators at below 70“. These are rectangular or circular pans, having steam coils for 
the warming of the fluid. Sulphitation is often combined with elimination. Sand filters have been 
tried and are efficient, but have the defect of requiring much wash water. When, however, the 

cane juice has been carbonated it filters 
easily through ordinary filters. 

Boiling to Crystallisation, or 
Strike Point. — Beet syrup of 60“ 
Bg. is in this stage boiled to from 
3.5-7 per cent, water content, these 
values showing the water content of 
the boiled mass, or ^^massecuite'^ 
(German, Fullmasse). The concen- 
tration of cane syrup is carried on the 
average to the degree shown by the 
composition : — 



Sucrose 
Glucose 
Ash - 
Water - 


81.10 
6-93 
1. 12 
8.66 


Boiling is effected in vacuum pans 
which in Austria are generally of the 
horizontal Lexa-Herold type, heated 
by brass steam tubes arranged in 
sections, which can be separately 
heated. Upright strike pans are also 
in use, and are general in cane boiling. 


The principles governing the working of 
a vacuum strike pan are similar to those 
pertaining to the multiple- effect boilers. 
Steps must, however, be taken to secure 
effective circulation, w'hich is more difficult 
with the thick mass of syrup and crystals 
than with the concentrated juice. This may 
be done by injection at the bottom of the 
boiling mass of dry steam. This does not 
impair the vacuum and secures mixture and 
steady boiling. 

In the Harvey patent express pan (Fig. 63) 
the calandrias or heating tubes have an inclina- 
tion which helps circulation, and this model 
further has a false lining which prevents return of condensed water. The addition of syrups or 
molasses should also be from below, which again helps effective circulation. 


The process of boiling falls into well-defined stages. At first we have con- 
centration to thick sj^rup of about So®. Then follows boiling to “ grain," a most 
important stage, having for its object the formation of uniform crystals of such size 
as not 10 pass through or clog the meshes of the centrifugals. The supersaturated 
syrup is generally caused to grain or crystallise spontaneously, or by admission of fresh 
juice, which by promoting circulation, and still more by depressing the boiling 
temperature, induces rapid crystallisation in fine grains. The subsequent boiling 
has in view the growth of the already formed crystals and solution of the very fine 
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ones, and care is exercised to secure that a fresh small crystal formation or false 
gram ” shall not occur. Boiling is continued to a water content of 3.5-4 per cent 
or 6-7 per cent, according as it is intended to cool at rest or in motion. The 
massecuite is discharged either into ordinary coolers or into special vessels 
designed for the very generally practised ** cr]rstallisation in motion.” 

The crystallisers may be open or closed cylindrical vessels, and may or may not be jacketed 
for warm or cold water. They have shafts witn blades, whose rotation keeps the mass m constant 
gentle motion. This has the effect of causing the sugar separated on further cooling from the 
warm saturated solution to be deposited on the existing crystals, and not in the form of false gram 
throughout the mother liquor. 

The very great solubility of sucrose will make it clear that the problem of a 
maximum crystallisation is one of great practical difficulty, having in mind the 
necessity of removing the molasses mother liquors which entangle the grain. 
Moreover the molasses contain uncrystallisable sugar held in solution by the 
salts on account of their so-called melassigenic power.” (See pp. 142, 143.) 

Geerligs defines molasses as ** A hydrated combination between sugar and salts, Which cannot 
be broken up by dissoaation in a concentrated state, and therefore cannot yield sucrose in a 
crystallised form.” Cane molasses contains about 55 per cent, sugars (sucrose + mvert), 20 per 
cent water, and 9 per cent ash. 

Beet molassM contains about 50 of sugar, 10 of salts, 20 of water, 10 of nitrogenous and 10 of 
non-nitrogenous substances 

To facilitate curing or centrifuging, green molasses may be added to the 
massecuite, which will give sufficient mother liquor to secure the necessary mobility. 
Such added syrup will be recovered plus that due to the fresh massecuite, and is 
boiled down from time to time to sugar and exhausted molasses. 

The ** absolute recovery” method is of great value and interest, and an account condensed from 
Pnnscn Geerligs is here given The relation between the punty of the massecuite and the corre- 
sponding molasses cured hot is given by Pasma as — 

Massecuite of 90 purity yields molasses of 75 quotient 



88 

It 

l» 

71 

II 

>» 

85 

>1 

>1 

65 

II 

l> 

82 

91 

l> 

62 

ft 

It 

80 

II 

If 

60 

If 

11 

70 

11 

If 

50 

ff 

11 

65 

11 

If 

45 

f 1 


If the syrup is over 80 puritj it is reduced thereto by addition of green molasses of 60 purity, 
which will, as seen, again yield 60 molasses On cunng hot, first sugar and 58'6o molasses result 
Sufficient of this molasses is then drawn into a second massecuite as to give a punty of 70, and this 
on boiling and hot curmg yields first sugar and 48-50 molasses, which finally is used to reduce an 
80 massecuite to 60, when, on high concentration and cooling, sugar and exhausted molasses result 

Curing or separation of crystals from the magma of crystals and molasses is 
effected in turbines. 

Those of the Weston type are most usual The spindle is suspended and driven from above by 
water turbine, or belt, or electrically, the power bemg applied accurately at the point of suspension. 
Vibration is reduced to a minimum by the conoidal rubber buffer, and discharge-is effected below — 
a great saving in time and cleanliness (Figs 64, 65.) The turbines can make about 1,500 revolu- 
tions per minute, and may be arranged for continuous work. 

From crystallisation in motion the viscid massecuite is turbined direct. If 
cooling has been done in tanks the hard massecuite is broken up in pug mills, and 
incorporated with the requisite molasses. 

Turbming fails to absolutel;^ separate the adherent molasses from the crystals, and these, therefore, 
are washed or “purged.” This may be done by injecting a fine spray of water into die revolving 
machine, after the molasses has passed off, or by means of a jet or steam and air. The cleansing 
syrups inevitably dissolve some sug^, and are therefore collected apart from the molames. Obviously* 
a pure concentrated sugar solution will be as effective to remove salts and non-sogars as water. 
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The product is usually machine dried in long inclined cylinders having scoops 
l^hereby the moist mass is turned over by the revolutions and meets a current of 
warm air, entering at about 120* and leaving at about 50*. Sometimes the sugar 
is dried by means of dry steam in the turbines. 

Although pure sugar is not hygroscopic, there is often a coating of molasses 
which absorbs water, and under favourable temperature conditions affords a good 
medium for the growth of moulds and yeasts, whereby inversion and deterioration 



Fig. 64.— Patent Water-driven “Weston ” Centrifugal Machine, showing Patent Steel Frame. 
(Messrs Watson & Laidlaw, Glasgow.) 

is caused. In the case of cane sugar the presence of invert in the product and the 
warm moist climate render the material very prone to these changes. Close packing 
in bags of the dry cool product in stores cabbie of r^ulated ventilation or closing 
according to the hygrometric state of the atmosphere is recommended. Beet sugar 
is less liable to alteration, and is advantageously stored after artificial cooling. 
Alkalinity does not appear to be a certain safeguard, which is to be expected from 
the circumstance that ^kaline media are most favourable to bacterial growth. 
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As regards the composition of raw sugar this naturally varies, beet being dis- 
tinguished from cane by freedom from invert sugar. In the commercial valuation 
the polarisation minus ash x 5 minus invert is the basis for cane. For example, a 
sugar having 97.0* polarisation, 0.85 reducing supr, and i.io ash, has the value 
97.0-0.85-1.10x5 = 90.65. A beet sugar having 94.95" polarisation, 1.04 per 
cent, ash, and 1.89 per cent, organic non-sugar, would have the value 94.95 - 1.04 x 
5 = 89,75, on the generally 
accepted standard that i part 
of mineral matter prevents the 
crystallisation of 5 parts of 
sucrose. Alternatively, beet is 
sometimes valued by deduct- 
ing 2.25 times the joint ash 
and organic non-sugar; thus 
in the above case 94.95 - 
C1.04+ 1.89) X 2.25 = 88.36. 

The final exhausted syrups or 
mother liquors form the molasses, 
the composition of which has been 
previously indicated. This was once 
an irksome bye>product, but to-day 
is used for various purposes, in 
spirit manufacture, for instance West 
Indianrum ; for making alcohol from 
bee t molasses, ( p. 293 ); for mak ing tri- 
methylamine (p. 376) ; for extraction 
of a further yield of sugar ; for making 
cattle food preparations ; or for direct 
feeding to the animals. Refined 
syrups, after inversion and clarifica- 
tion, form the treacles or golden 
syrups of consumption. Beet 
molasses is less pleasantly flavoured 
and more highly charged with salts. 

It is fedTto tlie extent of about 30 per 
cent, to cattle in Germany and Aus- 
tria, in rations of from 2 to 6 kilos 
per 1,000 of body weight per day, 
generally and advisedly in admixture 
with otner foods or neutral bases 
such as peat. In England a mixture 
of molasses and peat moss is some- 
what widely used under the name of 
** molassine meal.” Owing to the 
high salt content irrational feeding 
with molasses is dangerous, causing 
digestive and urinary trouble, and 
animals need to be habituated to it 
by graded feeds. A similar prepara- 
tion of cane molasses absorb^ in 
the residual internal and finer fibre 
of the cane or bagasse is * * molascuit. ” 

Both these are convenient and port- 
able forms of food stuff. 

. - - Fig. 65. — Section of a Water-driven “Weston’* 

SCpdTAtlOn of Cr]fSt^‘ Centrifugal Machine, 

line Sug^ar from Molasses. ( Messrs Watson & Laidlaw, Glasgow. ) 

— Two main processes ^are 

available, viz., osmosis,^ and precipitation either of strontium, or calcium 
sucrates. The osmotic process depends on the circumstance that the salts 
diffuse more .rapidly through parchment paper into water than does the sucrose. 
In this 'way a partial separation is possible, incomplete, since obviously sucrose 
also will diffuse, though less rapidly. 

The general arrangement of an osmosis plant is that of parallel flat chambers separated by 
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pMchment paptr, in whidi flow molasses and water m alternate chambers and opposite directions. 
The osmose molasses is boiled to grain, and the resultant syrup re-osmosed until a final residual 
molasses whidb would not repay fu^er osmosis is obtained. Ine osmosis water may be used as a 
iertiliser, or worked for sidnt or potash. On lOO of molasses of 78* Balling about 15 per cent, of 
sugar may be recovered, naving a quotient of about 95. 


The separation by means of strontia depends on the formation of the sparingly 
soluble basic sucrate ^OjiisSrO. In this process molasses and strontium 
hydroxide solution — eventually solid strontia — ^are boiled to an alkalinity of about 
15-20 per cent. Sr(OH)2, reckoned on the basis of 1 part sucrose to 2.5 parts 
crystallised Sr(OH)2. The precipitate is rapidly filtered and washed with hot 
12-14 per cent, strontia solution. On leaving at a low temperature - lo* C.) with 
a 2 per cent. Sr(OH)2 solution, the basic saccharate separates into crystalline 
hydroxide, and the sugar with half the strontia passes into solution. After separa- 
tion the solution is saturated, and the sugar evaporated to massecuite. Strontium 
carbonate, and that recovered from the mother liquors, is reburnt, and the clarified 
mother liquors, after separation of strontia by carbon dioxide, are evaporated and 
burnt for potash. 


In Steffen’s lime process the sugar is precipitated by means of thorough agitation at not above 
20^ C. with finely powdered well-burned quicklime, as tnbasic sucrate, which is used as a lime 
substitute in the treatment of difiiision juice. 


Refining. — The technique of sugar refining varies according to the quality 
of the raw sugar, and the nature of the trade article which it is desired to turn out. 

Raw cane or beet, or blends of both, may be operated upon, it having been 
claimed that the alkalinity of beet may correct the occasional acidity of cane 

On entering the refinery the raw sugar is sampled and stored, in large bins, 
until required. 

A prebminary cunng in the turbine is sometimes resorted to, in the so-called 
affinaiton process, and afSnation sugar is often used as an article of consumption, 
but naturally not of the first class This treatment has the object of removing 
adherent impure syrup, which envelops the gram, and may be very dark coloured 
In this syrup, obviously, the greater part of the non-crystallisable sugar and 
mineral matter is concentrated. The consistency of some raw cane, or muscovado, 
sugars does not permit of aflSnation. When affination is feasible, the raw material 
is thinned by incorporation with a syrup of such strength as not to dissolve the 
crystals, but to merely act as a diluent of the adherent syrup The mass is then 
turbined, either in ordinary turbines or in open bottomed machines, in which 
an inverted cone on the spindle directs the magma, by centrifugal force, on to the 
basket of the turbine, where the same force holds it during spinning and purging, 
and on stopping the machine the sugar falls out by gravity, without handling. 

It is dissolved, in blow-up pans, in such fashion as to give a solution of 
approximately 2 parts sucrose to i part water, and at this stage separated from 
coarser adventitious impunties. 

The further purification consists in a preliminary treatment and a bone-charcoal 
filtration. Formerly bullock’s blood was added, and occasionally lime is used. 
Apart from mere neutralisation this stage of the work, whatever may be the special 
treatment selected, has in view the formation of a voluminous precipitate, which 
will carry down by absorption gummy and protein impurities, on the principles 
observed in the carbonation process 

As substitutes for the old-fashioned blood or albumen treatment, a mixture of alummiotn 
sulphate and superphosphate has been tried, but not with advantage, owing to the solubility of 
the gypsum and the occurrence of firee sulphunc acid m the superphosphate ; or, again, bmyta 
may M used, but this is not considered advisable, since the soluble barium salts are poisonous. 

After either filter-pressing, or filtration through bag filters, the clear juice is 
passed through the bone char filters. 

No substitute for bonp charcoal is so far available. In spite of the small percentage of carbon 
in bone char and the well-known gas absorptive power of vegetable charcoal, the latter does 
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not posse^ in any degreo the powerful decolourising effect of bone char, nor does it lend itself 
satisfactorily to revivification. 

New animal charcoal contains from about 8-X3 per cent, of carbon, 78 5-84 per cent, of 
calcium pho^hate, 7.5-9 per cent, of calcium car&inate, and small quantities of alkalis, iron, 
and silica. The carbon of fresh char always contains fixed nitrogen and a httle hydrogen, the 
former amounting to about one-twcntieth of the total carbonaceous matter, and diminishing on 
repeated reburning. It is possible that the nitrogenous matter plays an important part in the 
special decolourising action, which is not understood. It is, however, known that pure vegetable 
charcoal does not possess this property in the safne degree, though bone char freed by means of 
acid from calcium salts is very emcient. Traces of ammonia and of calaum sulphide may be present, 
which are obnoxious, and are to be got rid off by washing and reburning 

The char filters have commonly the form of iron cylinders of varying dimen- 
sions, which may hold upwards of 20 tons of char, the grain of which is also 



Fig. 66 .-Char Filler. 


very variable, a 20/30 sieve size being not uncommon The char is uniformly packed 
on the filter cloth (see Fig. 66), and the solution passes evenly through the mass, 
at a temperature of C , is drawn off, as shown, and the filtrate collected, 

according to colour, in channels or gutters. At first water white, the filtenng syrup 
eventually becomes yellow, at which point the char is thoroughly washed till free 
of sugar, and then copiously with water to remove soluble impurities absorbed from 
the sugar solution, dried, and reburnt 

The dsarCMtl kilfUl usually consist of oval pipes arranged vertically in a furnace in three rows 
on each side, llie char, entenng from above, is thus submitted to strong beat" or dry distiUation, 
whereby the or^ic impunties are expelled without loss of carbon. It passes downwards at a speed, 
capable of regulation by the discharge valves, depending on the temperature of the furnace and the 
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ord«r of proximity of the row of pipes to the fire/ The pipes are contmued downwards through the 
kiln floor, and thus serve as air coolers, whereby loss of carbon by ignition on emerging from 
the pipes is prevented. The effective hfe of the char is long, and may extend over several years. 

The art of sugar boiling m refinery work reaches a very high level, demanding 
a long apprenticeship. The object is to obtain a uniform grain of a size governed 
by the nature of the desired finished article, and the boiling is done in vacuum pans 
{vide supra). Having obtained a crystallisation, or grain, great care is required in 
the introduction of fresh syrup, to ensure that the number of crystals shall not 
increase, but that those first formed shall grow in size, and that fresh crystal 
formation or “false gram” shall not occur. False grain formation is especially 
objectionable in boiling lower massecuites, for its appearance very much interferes 
with the turbining of the crystals from the surrounding molasses. 

When boiling has reached the required point the product may be directly 
turbined, or further crystallised in motion, in which the existing crystals grow at 
the expense of the sugar of the cooling saturated mother liquor. 

Granulated Sugar is prepared by passing the turbined and washed wet product through 
g^ulators, long revolving cylinders, inclined at about 20*, in which the mass is propelled and 
dismtegrat^ by revolvmg arms. In the reverse direction there passes a current of warm air to 
dry the crystals, which are then sieved on vibrating tables, or other types of mechanical sieve 

For the manufacture of cube or “loaf” sugar, so named from the now obsolete loaves or cones 
into which sugar was formerly moulded, is in many modern works prepared by special processes, of 
which the Adant may serve as an lUustration. A series of detachable iron frames is built up so as 
to form rectangular moulds about i in thick, arranged radially around the periphery of a hollow 
cylmder, which is then placed into a well-fitting containing ring Massecuite, discharged into a heated 
reservoir vessel, is then run m until the moulds are full After cooling, ^e moulds have the con- 
sistency of a dense mass of crystals in a thick S3rrup, and the inner ri^ is detached, by the aid of a 
compressed air blast, and transferred to a centrifugal of heavy type Aerein the sugar is freed, m 
Situ, horn syrup, and washed On taking the form to pieces, complete rectangular slightly wedge- 
shaped tablets result, which after (hying are machine-cut to the form of cubes or otherwise as may 
be desired. 

We are indebted for diagrams, and desire to express our thanks therefor, to 
the following firms 

Actien Gesellschaft fiir Maschinenbau, vormals Brand & Lhuillier, Brunn, 
Austria; Maschmenfabnk Buttner, Verdingen am Niederrhein, Germany, The 
Harvey Engineering Company, Glasgow ; Messrs A. & P. W. M'Onie, Glasgow , 
Messrs Watson & I^idlaw, Glasgow. 

Glucose, Dextrose, or Starch Sugar 

Glucose, C-Hi,0(„ forms the crystalline hydrate, C^HujO^H^O, which melts at 
86* C. and of which 97.8 parts are dissolved by 100 of water at 15* C. It is very 
soluble in methyl alcohol. Glucose displays multarotation, a freshly prepared cold 
solution having [a]o + 105, which decreases rapidly on heating to the final equilibnuro 
value +52.85. 

Alkalis isomerise glucose, yielding an equilibrium mixture of glucose, fructose^ 
and a little mannose, also produced similarly from fructose, but alkalis at the same 
time break down glucose, yielding complex organic acid salts. 

Glucose IS oxidised by Fehhng’s solution, as also are maltose and fructose,, 
yields an osazone (M.P. 205**) also given by mannose and fructose, and with 
(x*naphthol and sulphuric acid gives a red colour, a reaction which is not characteristic, 
being given also by sucrose and other sugars. 

Manufacture. — Commercially glucose is manufactured from starch by heating 
with dilute mineral acids, when hydrolysis ensues : — 

(C(jHj0O5)a + nH20 * 

Mixed with a large amount of dextrine it comes into commerce : (1) as solid glucose^ 
(2) as the viscid syrup known as “ starch syrup.” 
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The industry is of Continental on^ and dates from tne time when cane sugar was excesstveljp 
dear, so that efforts to produce a substitute from starch had some possibility of success. At the 
present time* however, glucose is valued not as a substitute for sucrose but rather for the presence 
of certain dextrmes in the commercial product, which are * (l) valuable food stu6Esi, (2) are soluble, 
(3) will not crystallise, (4) are non-fermentable. Such elucose is largely used : (x) as a malt substitute 
in brewing: the dextrose ferments to alcohol, and the unfermentable dextrmes mcrease the 
percentage of extract in the beer ; (2) for the manufacture of glassy sweets, cane sugar being 
unsuitable for the purpose ; (3) for adding to honey ; (4) for use in confectionery, cakes, preserves, 
jams, jellies, sjnrups, etc. 

The great drawback to the use of glucose is its want of sweetness, being only 
two-thirds as sweet as sucrose The addition of saccharin or other artificial 
sweetener is illegal m some countries 

The hydrolysis of starch by dilute acids is a complex change (see Starch), the starch first breaking 
down into dextrmes which then break down into maltose, and this finally into dextrose. The 
sacchanfication only proceeds easily m very dilute solutions, as shown m the followmg scheme . — 

(CeHioOj)^ (C,HioO,)aH,0 Cj»Ha,Ou 

Starch Dextnnes. MaltMe. Dextrose. 

In practice, the starch is mtentionally left mcompletely hydrolised, the presence of dextrmes 
bemg essential Moreover, in the concentrated solution some of the dextrose molecules condense 
togemer to produce gummy dextnne-hke products called * glucosmes.*’ Simultaneously a certain 
amount of ** isomaltose,’’ C^HaOxi, a sugar isomenc with n^tose, but not fermentable by yeast or 
hydrolysable by enzymes, is also produced The rate of hydrolysis of the different aads vanes con- 
siderably, the stronger acids havmg a more rapid action than the weaker ; thus, takmg the hydrolysing 
power of an equivalent weight (36 5 g ) of H Cl as 100, the followmg table expresses the hydrolysing 
power of the equivalent weights of some other common aads •— 


Aad. 

Equivalent 

Weight 

Hydrolysing 

Power. 

Hydrochlonc aad, HCl .... 

36 Sg 

100 

Sulphuric acid, H9SO4 .... 

49 g 

70 

Nitric aad, HNOj 

63 g 

100 

']ftirtanc acid, C4H^04 

«SOg- 

2 5 

Formic aad, H. COO H , . . . 

46 g 

I 6 


The Starch is placed in a boiler, a small percentage (say ^ per cent or even less) 
of HCl or H2SO4 or HF is added and the whole heated under 1-2 atmospheres 
pressure, cooled, and the acid neutralised If HCl is employed it is neutralised with 
Na^COy the small percentage of NaCl produced being imperceptible to the taste , 
HjSO^ is neutralised with CaCOj, the CaS04 produced coming down as a 
precipitate HF is completely precipitated as CaFj 

Starch Syrups. — Moist potato-starch, carefully purified from nitrogenous 
matter (the presence of which yields a dark product), is used. 200 parts of water 
and as much H2SO4 as serves to make a 0.3 per cent solution are placed in a 
boiler, and 100 parts of the starch (weighed dry) made into a milk with water are 
run into the boiling acid, so that the starch is almost immediately gelatinised. The 
mixture is then heated in a copper autoclave for one hour under i atmosphere 
pressure, so that about a half of the starch is hydrolysed to dextrme and the rest to 
dextrose (or maltose). The process is ended when a test portion gives no colora 
tion with iodine — showing that all the starch has disappeared. The product is a 
non-crystallisable syrup having a density of 17* -about 30 per cent, of carbo- 
hydrate. The sulphuric acid is neutralised with CaCOj, the solution filtered from 
the CaS04 through a filter-press, evaporated to 33* Bi. in a vacuum pan, again 
filtered from precipitated CaS04 through la filter press, and finally decolounsed by 
filtering through animal charcoal, which simultaneously absorbs some of the finer 
particles of C^O^. The syrup is now again concentrated m vacuum pans to 42"*- 
45* B 6 . and should be clear and colourless. 
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A good oonoentrated syrup should be so viscid at ordinary temperatures that it scarcely flows ; it 
should not become cloudy on standing and should bear a temperature of 140* C without darkening 
m colour* llie produCti after heating to 140” and cooling, should solidify to a glassy mass, which 
is used for making sweets. It has only a m^erate degree of sweetness. 

Solid Glucose is manufactured in the same way as the syrup, but the hydro- 
lysis in the autoclave is carried on for a longer time so that the resulting mixture 
contains almost twice as much dextrose as dextrine The product, when filtered, 
decolourised and evaporated, solidifies as a white mass of microscopic crystals, in 
which fine needles of dextrose hydrate, QHjjOg.HjO, may be seen embedded in 
syrup. The crystalline dextrose hydrate, however, cannot be separated by ordinary 
means from the syrup. The following shows the composition of a starch syrup and 
of solid glucose thus manufactured : — 



Syrup 

Solid Glucose 

Dextrose ... 

Dextrine 

Water 

40- 43 per cent. 

41- 46 „ 

15-19 »» 

55-61 per cent 

24-30 »» 

15-20 „ 


A certain amount of “ maltose is always present The maltose and dextrose 
together constitute the fermentable portions of the mass, the dextnnes (which include 
isomaltose and glucosines) the non-fermentable portions. 

It has not yet proved possible to manufacture pure dextrose on the industrial scale, since neither 
the crystals of the hydrate H^O, nor those of the anhydride, can be easily centrifuged from 

the adhering syrup. Some Amencan firms, however, evaporate the dextrose solution in vacu4 
until it is of the proper consistence , then crystals of pure dextrose, CflHi^Og, are stirred in, and the 
mass crystallises out as a mass of grains, which are then centrifuged a id obtained m a colourless state. 
A very large amount of a dark-coloured syrup is produced in this process, which is sold to brewen 
for colouring porter, under the name ** Climax Sug^ 

Caramel, Burnt Sugar, Gravy Salt, Gravy Coleur, and Coleurs for Soups, Vfrme, Seer, 
Vinegar, Sauces, etc., are manufactured on a large scale from dextrose by making its solution 
alkaline with soda, evaporating, and heating to 220® C The dark brown mass is poured into tins 
and allowed to solidify. Sometimes it is sold dissolved in a little water Much used for colouring 
sweets, liquors, etc. 

Asrylmusry gives the following reape for making a colour for rum • — 3 kilos of NaOH or KOH, 
6 kilos water (or 4 kilos sodium or potassium carbonate and 8 kilos water) are dissolved by heating 
in a large iron pan, and then 120 kilos of glucose (or 130 kilos of syrup of glucose) are added, ana 
the whole is heated over a direct fire until imtating vapours begin to be evolved The heat is 
decreased, and the mixture stirred contmually until the proper shade of colour is attained 30 or 
40 1 of water are then added in a fine let To produce a colour for vinegar, we take 6 kilos 
ammonium carbonate, 6 kilos of water, and 120 of glucose, and proceed as before. 

Caramel from Cane or Ordinary Sugar. — The sugar is heated with continual stirrmg in an 
iron pan until the whole melts, turns brown, and suddenly begins to froth up Not more than 
15 per cent of weight of sugar should be expelled, or the product will become insoluble The 
change is stated to be represented by the equation — iiCi2Ha8On=Cx85HjMO80 + 7COa+27HaO. 
Cane sugar caramel is an amorphous reddish brown brittle mass, M.P. 134 -1 36* C ; completely 
soluble in water, only partially so in alcohol. Bitter taste. Nonfermentable 


Invert Sugar and Honey ; Laevulose 

Invert Sugar is the mixture of glucose and fructose resulting from the hydro- 
lysis of sucrose. It is manufactured from sucrose by heating in solution with small 
(^antities of mineral acid. It is laevorotary, the laevo-rotation of fructose (laevulose) 
being greater than the dextro-rotation of glucose, and has [aln* -(27.9-0.3a/), 
consequently, on inversion dextro-rotatory sucrose becomes laevo-rotatory. A 
mixture of laevulose and dextrose and a little sucrose occurs in the juices of many 
fruits — especially grape juice, which is quite free from sucrose. The mixture w 
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known as ** grape sugar.” Invert sugar, however, is never obtained commercially 
from plant juices after the manner of sucrose, because it is too soluble and too 
difficult to crystallise. 

It is always manufactured by heating a 75-80 per cent, sucrose solution with a 
very small amount, say 0.02-0.05 per cent, of hydrochloric acid, ot 0.2 per cent, 
of tartaric, citric, or formic acid, to 95*-ioo* C. and neutralising with so^. The 
resulting syrup must not be concentrated m the usual way or it browns, and con- 
sequently IS sold as It stands. If it contains 75 per cent, or under of sugar it will 
not crystallise; syrups with 80 per cent, of sugar on cooling separate as a solid 
mass. This invert sugar is used for improving wine musts (see Wine) > it is also 
used in making artificial honey, since it is chemically identical with honey, failing 
only the flavouring matters peculiar to that fluid. 

Honey, in fact, is simply a mixture of dextrose and levulose, together with a 
little sucrose, dextrines, flavouring matters, pollen, and a little free formic acid, 
which acts as a preservative In granular honey the crystals are of dextrose. 
When bees are fed on sucrose or glucose these materials pass over unchanged into 
the honey 

In making artificial honey, mvert sugar prepared as above is mixed with about 25 per cent 
of a natural honey, nch in flavouring matters 

Smce the invert sugar contains sucrose, dextrose, levulose, and even dextrme, in amount 
almost the same as they occur in natural honey, the mixture has practically the same chemical and 
physical properties as real honey, and, in fact, cannot at the present time he distinguished from it 
An adulteration of honey with dextrose from starch is easily detected, because of its strong dextro- 
rotary properties 

Pure Levulose (fructose, fruit sugar) is obtainable from inulin — the 
laevo-rotatory starch of Dahlia, Inula, and Chicory — by heating with dilute 
acids in exactly the same way that dextrose is obtained from ordinary starch 
Laevulose is sweeter than cane sugar, and is very soluble in water, but difficult 
to crystallise. It is easily decomposed by acids into non-crystalhsable syrups It 
reduces Fehling's solution very easily and ferments directly with yeast It is 
strongly laevo-rotatory, the rotation being greatly effected by the concentration (r) 
of the solution and the temperature, jajV** -’(9i*9o-Ho iii^)*. Industrially 
laevulose is obtained from invert sugar by means of the difficultly soluble calcium 
laevulate. It could, however, be obtained on the large scale from dahlias 
(containing 12 per cent inulin) or chicory. 

Milk Sugar, Lactose, C13H22O11, is manufactured from the whey left over 
during the manufacture of cheese See under Milk, p. 78(2 


Other Varieties of Sugar 

Maple Sugar is obtamed to the extent of 15,000 tons yearly m Canada and North America from 
the {oice of the maple tree. In spring the mature trees (which may be 200 years old) can be made 
to yield sap containing about 2 kg. of sugar The sap contains 2-4 per cent of sugar, principally 
sucrose. It is consumed locally as a syrup. Hie inanstry is decaying, but maple sugar is highly 
valued for its flavour. 

In the East Indies about 140,000 tons of sugar are made annually from the juice of the coco-palm 
and umilar simr palms. In ^ngal great plantations of the palms exist, each palm jneldmg during 
the interval of twenty-five to thirty years about 38 kg of sugar annually The labour of ciutivatton 
IS very small. The sugar is consumed locaUy 

Attempts to cultivate the amber cane {SorfAtm mcckaraium) m the United States for sugar 
have proved a failure, because besides sucrose the juice contains much mvert sugar and non-saccharose 
ceusatuents, so that it is difficult to get the sugar to crystallise out in suffiaent quantity to repay 
worlang* 
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Estimation of Sugar 

GlttCOte may be eshmated volnmetncally by titrating the boiling sugar with Fehling’s soli^oa 
(CUSO4+ KOH + Rochelle salt). The glucose r^uces the copper, throwing down a red precipitate 
of cuprotis oxide, the solution becoming decolourised . 

Pavy’s modification is easier. It consists in using a concentrated solution of ammonia with the 
Fehlingfs solution. The CU2O dissolves in this to form a colourless solution, and so docs not 
interfere with the end point, but Pav/s method is usually confined to sugar estimation in fermented 
urine, which contains free ammonia 

Sucrose or cane sugar does not reduce Fchling’s solution, but when hydrolysed by wwming 
with dll HQ It is converted into a mixture of dextrose and levulose (see Invert Sugar), which has 
the same reducing power as glucose— 342 g. cane sugar = 360 g. invert sugar or glucose 

When the cane sugar solutions are fairly pure the amount of sugar is immediately given by the 
specific gravity with a floating hydrometer. Tht following gives the sp. gr. at 15® C. 
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Cent. 
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Cent. 
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*9 
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20 
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3 
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54 
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73 
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36 
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55 
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74 
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18 
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37 
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56 
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75 
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A rapid way of estimatmg sugar is by the polariscope. The solution is clarified with aluminium 
sulphate or lead acetate, filtered, and its rotation taken in a 20 cm tube [a]^ for cane sugars 66.4 
(see p. 142) If »i=rmass of sugar mice, a = observed angle of rotation, and length of tube 
in dms , then wss^x ud. If there are other optically active substances besides sugar present, the 


polarisation angle, after inversion with HCl, is also taken, and the alteration in the angle of rotation 
gives a clue to their amount and nature. In technical analysis the scale is not graduated in arc 
degrees, but so as to indicate per cent, sucrose direct, when the normal weight, dissolved in 100 c.c., 
18 observed in a 20 cm lube The German normal weight of sucrose is 26 048 g., and the gradua- 
tions arc degrees Ventzke ; the French instrument reads degrees Laurent for a normal weight of 
t6 33 g 

I® Ventzke a= I 5931, Laurent *0.3440 arc i® Laurent *0 6277, Ventzke =0 2167 arc 

If clarification is necessary, in beet valuation, the readings must be corrected for diludoo 
consequent on the addition of l^ic lead acetate, or if 10 c c. of this solution is added to 100 c.c. <A 
extract the sugar may be read direct in a 22 cm tube For details re^rdm^ the estimation and 
testing of sugar the reader is referred to standard treatises mentioned at me beginning of the article, 
Df to Allen*s “Commercial Analysis,*’ vol. l (1909), p. 289 et seq 




SACCHARINE AND OTHER ARTIFICIAL 
SWEETENING CHEMICALS 

By G. Martin, Ph.D., D,Sc. 


Within the last few decades chemicals of enormous sweetening power have 
t>een placed op the market. The most important of these is the Saccha< 
rine of Fahlberg, <?-anhydrosulphamine*bcnzoic acid or benzoic sulphmaide, 

/>NH , discovered in 1879 by Ira Remsen and C. Fahlberg, and now 

0U2 

manufactured by Fahlberg, List, & Co., in Salbke-Westerhusen near Magdeburg. 
Toluene is converted into o- and /-toluene-sulphonic acid, CeH4(CHj)(SOgH), by 
treating with concentrated H2SO4 at 100* C. The acid is converted first into the 
calcium salt (by CaCOg) and then into the sodium salt (by Na2C08), which is dried, 
treated with PClg and Cl gas, whereby toluene sulpho-chlonde, CgH4(CHg) SOjCl, 
IS produced. This, by treating with NHg gas or with AmjCOg, yields ^-toluol- 
sulphamide, CgH4(CHj).S02NH2, which is oxidised by an alkaline solution of 
KMn04 CgH4 (COOK) SO2NH21 which when treated with HCl is immediately 
converted into free <?-sulphaminebenzoic acid, CgH4(C00H)S02NH2, which 

yCO V 

then spontaneously sphts off water, forming the anhydnde, /NH, 

which separates out 

Saccharine is a white crystalline powder with difficulty soluble in water, melts at 
*^3 5* C and is five hundred times sweeter than cane sugar. Easily soluble 

/CO \ 

saccharine consists of the sodium salt, CgH4<^ P>N Na, prepared by treating 


saccharine with alkali carbonates 


Dulcin or Sucrol is another sweet chemical, about two hundred times sweeter than cane sugar 
It IS mono-/*phenetol-carbamide, NH2.CO NIICgIL OC2H5, prepared by evaporating a solution of 
p amidophenetol cyanate thus — 

CgH^O C«H4 NHa— (HO-C N) —> CaH^O NH-^CO—NHa. 

It may also be obtained by heating urea with phenctidme hydrochloride, 

/OC2H5 /NHa /NHo 

CeH/ CO< = CO< “ + NH4CI. 

^NHa HCl ^NH C6H4 OCaHs 

White needles, M P 173® C , soluble in 800 parts of cold or 55 parts of boiling water, also m *5 
parts of alcohol 

Other very sweet chemicals are Glucme (amidotn-azmesulphonic aoid or its Na salt), Sandoce or 

Methyl Saccharine, CeHs(CH5) < >NH, etc* 

^ 80 / 

Saccharine and similar sweetening chemicals possess no food value at all, while sugar, on the 
other hand, is a valuable food The use of saccharine has on this account been made illegal in 
many countries as a sweetening agent for cakes, liquors, etc , intended for human consumption 
(except m the case of certain memcmes) Saccharine must be made under Government supervision, 
and It IS sold by apothecanes to diabetic patients as a substitute for sugar. It has considerable 
antiseptic or preserving qualities. 

Statistict. — Sacchanne » subjected to a duty of yd. the os in Great Britain, the duty raised 
from this source being /36,ooo in 1913 on 1,234,000 ox. The quantity imported m 1913 was 
1,242,000 Of , of value j 6 i 4 > 435 * The quantity exported was 21,278 oi., of value £4i40z. No 
saccharine was manufactured in the United Kin^om prior to 1903. 

The United States imported 2,977 lbs. (value, |3,39S) m 1908, and 1,405 lbs (value, $1,901) 
m 1909; the United States export reached 2,513 ll». (vuue, $2,225) 1910; the Un«t^ States 

duty 18 $1 50 per lb. and 10 per cent. 
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THE STARCH INDUSTRY 

By G. Martin, Ph.D., D.Sc. 
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Starch, is a white, glistening, tasteless carbohydrate, found in the 

form of small granules in the cells of grain, legumes, and potatoes It is, next to 
cellulose, the most abundant material found in the vegetable world, existing in all 
plants with the exception of the fungi, 

Stardi IS a condensation product of low grade sugars (hexoses), and is originally formed in the 
cells of the leaves of plants from the COj of the air, by the aid of chlorophyll in the presence of 
sunlight. The starch is a migratory reserve food material, being transformed by enzymes mto 
solume sugars, which pass mto the sap of the plant, and so it is carried throughout the plant, 
building It op and appearmg at different stages of plant growth as cellulose, gum, Iignm, etc. 
The mtcroscoinc starch granules have a concentncally stratih^ structure, similar to that of an onion. 
According to older ideas (Nageli), the granules are surrounded by a sheath of cellulose, and growth 
occurs in concentric new layers from the kernel outwards According to modern ideas (A Meyer, 
“ Untersuchungen Uber die Starke,” Jena, 1895), the starch granSes are sphero-crystals, which 
grow from the centre outwards in the usual manner in the fonn of a cone-snaped glomerate of 
nne crystalline needles, which branch off like trees, and thus extend their growtm The formation 
of concentnc layers is due to the varymg density and moisture-content of the different zones. 

As regards the chemical nature of starch, Brown and Morns (see pp. 264, £65, Beer) 
consider it to have the formula 5(Ci2HaoO|o)«) According to Maquenne and Roux {A, ck., 
[8], 9 (1936), 170-220), Natural Starch consists of two distinct subs^ces, Atnylose (80-85 per 
cent) and Amylopecbn (20-15 per cent), the first being identical with Nageli’s and Brown and 
Heron’s starch cellulose. Amylopectm is identical with Nageli’s “starch granulose.” 

Kinds of Starch. — Starch is generally obtained m Europe from potatoes, 
rice, wheat, and maize. In the tropics it is obtained from the palm^ and tubers of 
various plants, sago starch is obtained from the pith of the sago-palm {Sagus 
laviSi etc.), arrowroot is the starch of the Maranta arundinacea and %ndica (West 
Indies, Brazil, etc.) Tapioca comes from the ^amA^/M/i4Vn>^,Pohl. Every species 
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of starch exhibits its own particular form and structural markings, so th^ adulteration 
can be detected and measured the admixture of cheap potato starch with 
expensive wheaten or rice starch) by microscopical examination. Each starch cell 
has a dark point, central in some, eccentric in others, known as the fulutn. Round 
this are a series of concentric lines which give each kind of starch gram a 
characteristic appearance. (See Fig. 67, p. 178.) 

Potato Starch has the largest granules (0.05-0.09 mm. diameter), of a charac* 
teristic mussel-like appearance. 

Wheaten Starch consists of round lens-shaped cells of 0.020-0.030 mm» 
diameter, with a central dark point and faint markings Mixed with these are 
still smaller cells, 0002-0008 mm Maize Starch consists of characteristic 
polyhedronal cells, 0.015-9.020 mm. diameter, with a dark centre and no visible 
layers. 

Rice Starch consists of very small sharp-cornered almost crystalline-looking 
granules, of diameter o 003-0 007 mm , which agglomerate together to larger 
granules. Tapioca, arrowroot and other forms of starch have all their 
characteristic appearances, easily recognised by experts as the result of micro- 
scopical and optical investigation (see Fig. 67, p. 178). 

Potatoes yield the cheapest starch, and starch is largely manufactured from them m Germany, 
where over one hundred potato starch manufacturers exist, usually small in size on account of the cost 
of transport of the potatoes. They occur in country districts, and work only in the winter months, 
using the waste products, fibres, etc., for feeding cattle Some of the larger potato starch factories 
produce over 20 tons of starch daily. A large proportion is converts oirectly into dextrine, 
brewing syrups, glucose, etc. Starch is also largely manufactured from rice The largest starch 
rice factory in the world is Hoffmann & Co., m Salzufien, Germany, which works over 5 tons of 
rice daily. 

Germany is the largest starch manufacturmg country She now produces about 180,000 tons of 
potato starch (value about 1, 300, 000), 20,000 tons rice starch (value 500, 000), 16,000 tons of 
wheat starch (value ;^26o,ooo), and 9,000 tons of maize starch (;£’i 25,000) Germany also produces 
from starch about 56,000 tons starch syrup, 30,000 tons dextrine and starch gum, 9,000 tons glucose, 
and about 5,000 tons of caramel or burnt sugar, having a combined value of about 1,000,000 

Next to Germany as a starch producing country comes the United States, with 124 starch 
factories yielding 140,000 tons of starch The bulk comes from maize (76 77 per cent), only 
14 per cent being obtained from potatoes and 9 per cent from wheat 

The sugary products obtained from starch are used as brewing syrups and in preparing jams, etc. 
(see Glucose) Wheat starch, being difficult to work, is not manufactured very largely now 

The following statistics show the import and export of starch into the United Kingdom . — 

Import. 



1909 

1910 

Value, 1910 

Rice starch 

Other kinds of starch - 
Farina and potato flour- 

Cwt 

* 23»534 

414,945 

773»993 

Cwt 

246,348 

615,024 

739,61s 

241, 201 

3*4,383 

437.*86 

Export. 

Rice starch 

Other kinds of starch - 
Fanna and potato flour- 

58.807 

13 , *58 

9.*73 

64,102 

10,062 

9.36s 

£69,059 

8,296 

7.650 
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The United States import and export of starch b shown by the following figures t— > 

Import, 


1906 

1909. 

1910. 

Value, 191a 

5,422,000 lbs. 

17,301,000 lbs. 

10,861,000 lbs. 

$296,000 

^ Export. 

66,575,000 lbs. 

33,228,000 lbs. 

51,536,000 lbs. 

|l, 27 S ,000 


Properties* — Starch is a very inert body, insoluble in cold water, alcohol, 
ether, and cuprammonium (the latter differentiating it from cellulose) It dissolves 
in KOH solution, forming a potassium derivative. Starch is very hygroscopic, 
retaining when air-dned from 16-28 per cent, of water, and when dried in a vacuum 
It retains about 10 per cent. Absolutely dry starch attracts moisture with great 
avidity, becoming warm when moistened. When dry, starch may be heated without 
change to 149* C. (300* F ), but between 149* and 204* C (3oo*-40o* F.) it is 
transformed into dextrine or British g^um (which see), a substance soluble in 
cold water At higher temperatures the starch is decomposed 

Although insoluble in cold water, starch granules, when heated with water, 
swell up and form a paste, and in the presence of much water produce colloidal 
solutions The temperature at which this “ gelatinisation ” occurs differs with the 
various kinds of starch, potato starch gelatinises with water at 65* C, maize 
starch at 75* C , barley, kilned malt, rice, rye, and wheat starch at 80* C , while 
green malt and oat starch gelatinise at Ss’' C The paste from wheaten and maize 
starch has a far greater “sticking power” than that from potato starch. The 
sticking power is increased by slowly drying the starch at a low temperature, and 
reduced by the presence of acids or alkalies and by prolonged boiling 

In general, when starch is heated alone or under pressure with water, the starch 
molecule breaks down into “dextnnes,” which are permanently soluble in cold 
water. This is a consequence of progressive “ hydrolysis,” water being gradually 
combined as the breakdown of the starch molecule proceeds This conversion 
proceeds especially rapidly under the influence of dilute acids or diastase, the 
dextrines having the composition (CgHioOp)„,HgO. The first product of the 
transformation is “ erythro dextnnes,” and which give a red or brownish colour with 
iodine , as the hydrolysis proceeds, the iodine coloration vanishes, achro-dextrmes 
being produced , the final product of the action of diastase on starch is maltose, 
CigHjgOii Acids hydrolyse the maltose further into two molecules of glucose or 
dextrose, This reaction is used for manufacturing glucose or dextrose 

from starch (see Glucose, p 166). 

Manufacture of Starch 

It will be noticed that cereals of various sorts contain far less water than potatoes. 
Maize and oats are richest in fat Regarded as a diet the cereals contain a large 
excess of carbohydrate and a deficiency of protein and fat Bread and cooked 
cereals, however, are eaten, not as a source of protein, but as a source of carbo^ 
hydrate, and as a diluent to the concentrated protein and fat foods. Of the 
ceresds wheat and rye alone are suitable for making bread, on account of con- 
taining a peculiar protein, “glutin,” which becomes viscid when mixed with water, 
and causes the binding properties of the dough. 

The following table shows the percentage of starch in the chief raw products 
used in its manumcture : — 
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Rice 

(husked) 

Wheat. 

Maize. 

Potatoes. 

Starch (inclusive of sugar and dextrine) ' 
Cellulose fibre, pentosane, etc • 
Nitrogenous substances 

Fats 

Ash 

Per Cent. 

76-80 

0 6 

7.8 

0.5 

1 4 

Per Cent 

70 0 

2.5 

12.4 

I 7 

I 8 

Per Cent 

685 

25 

99 

46 

1.5 

Per Cent. 
20 0 
aS 

2.0 

0.3 

I 0 

Percentage of dry substance 

86-90 

884 

87 0 

24.0 


Rice Starch,— Rice, Oryza sativa, contains a higher percentage of starch 
(76-80 per cent ) than any other grain, but, on account of the extreme minuteness 
of Its starch granules, and the presence of gums and albumens which firmly cement 
the cells together, is one of the most difficult substances to work for pure starch. 
For this reason the operation is usually undertaken only by very large industrial 
manufactories, and bruised rice is usually employed. 


The process is as follows : — ^The nee is soaked with a very dilute solution of NaOH (o 3-0 6 per 
cent solution, a stronger solution gelatinises the starch) in large cemented tanks. This dissolves 
the gums and nitrogenous matter cementing the starch cells together. The wet nee is then finely 
ground between miUstones, keeping it moist dunng the process with NaOH solution The grindmg 
finally disintegrates the agglomerate of starch cells into the individual cells. The mass is next 
transferred to vats provided with stimng apparatus, and a milky suspension of the fine starch 
particles is obtained, the cellulose, fibres, ana heavier constituents sinking to the bottom The 
starch milk will not easily and quickly deposit the starch by sedimentation (as is the case with 
potato starch), on account of the extreme smallness of the nce-starch granules Consequently to 
extract the starch, the milky hquid is transferred to rapidly rotating centrifugals, the drums of which 
are not perforated to allow the water to escape As the result of the centrifugal force, the starch 
granules settle out as a compact nng on the interior circumference of the rotating drum, the outer- 
most layers being practically pure starch, while the internal part of the nng is composed of impure 
starch, mixed with cell fragments of mixed starches In the middle of the drum the water settles 
out as a dear liquid ; this is run off, and the compact nng of starch is taken out, and the interior 
impure layer scraped off and made to undergo the same process again It is usually necessary to 
add a trace of ultramarine to the starch in order to obtain a pure white The starch is then cut 
mto 7-m. cubes, pressed m iron forms until the water content is dimmished to 45 per cent , and 
then slowly dried in drymg chambers. When the amount of water reaches 29 per cent the surface 
layer of starch is scraps off. This layer is of a yellowish colour and contams a considerable 
quantity of impunties which have diffused out with the water from the mterior of the cake to the 
exterior, and been left behind by the evaporating water. The residual cake of starch is now 
packed m cardboard or paper boxes, and dried until peculiar longitudinal fissures or cracks appear. 
It has then 12 per cent of water 

Dunng the process of drymg great care must be taken to guard against the development of 
moulds on the surface of the starch— a result of the incomplete separation of the nitrogenous matter 
— such moulds often completely spoihng the goods 

The alkaline liquid or ** lye ” separated from the starch dunng the grinding and soaking process 
contains a considerable amount of nitrogenous matter in solution The dissolved matter is 
precipitated by H^04 as a glutinous mass, which, when dried, forms a valuable cattle food. The 
other waste liquids from the manufacture are valuable manunng waters for meadow lands, and are 
us^ as such. Tlieir escape into small streams is dangerous 


Rice starch has great sticking power, and is nearly twice as valuable as potato 
starch On account of the smallness of its grains it may be used in a powdered 

form for stiffening linen in laundry work. 


Wheat Starch.— A grain of wheat consists of (i) the germ, (2) the endosperm 
or kernel, (3) the outer envelope or husk, which constitutes the bran. The husk 
has an outer cuticle from which delicate hairs spring, under which are three other 
layers, the t^yo outer of which consist of flattened cells. Then comes the envelope 
of the seed, the “ testa ” or episperm," which encloses the endosperm (see Fig. 68). 

The envelope of the seed consists of angular cells filled with a mixture of soluble and insoluble 
proteins, which with water form a thick viscid mass, and when dried has a homy appearance. This 
U the ** gluten,” and its presence determines the bmding quality of dough made from wheaten flour 
or lye. The gitttefi does not exist as such in the gram or fiour, but is developed by the mteractioii 
k the presence of water of two proteins, glisdin and glutemn. 
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The endospenn consists of (a, Fig. 68) large starch cells provided with 
delicate walls, and filled with starch granules. 

The husk (“ bran ”) consists principally of cellulose with pigments and mineral 
matter. The endosperm is mainly starch. The germ (b, Fig. 68)— forming only 
a small proportion of the whole— is rich in protein and fat. For chemical 
composition of wheat, see p. 178. 

For the preparation of flour the grain is ground or milled in iron roller mills 
and the various constituents of the grain separated. The outer coats yield bran, 
fine pollards, sharps, and middlings ; the endosperm yields ordinary wheaten 
flour ; the germ is removed as “ offal.” 

The flour is sorted out by machinery into — 

(1) A smaller portion of very white flour known as “patents.” It is very poor in proteins and 
is the flour from which genuine Vienna bread and the best fancy breads and pastries are made. 

(2) Alarger portion known as “bakers* 
flour.** 

The semolina) which is obtained from 
the central part of hard wheat and which 
is rich in gluten, is also removed from 
white flour. 

Hence ordinary white flour (and white 
bread made from it) contains no bran, 
germ, or semolina, and con.sequently 
valuable food constituents (mineral matter 
and protein from the semolina and bran, 
protein and fat from the germ) are absent 
from it. 

Wholemeal flour (and wholemeal 
bread) includes these constituents, and is 
consequently much richer in nitrogenous 
and mineral foods than white bread. 

Wholemeal bread, however, irritate' 
delicate stomachs on account of the 
cellulose and silica of the outer coat. 

Recently the outer layers of the husk 
have been removed, and with it the 
irritant material, and a flour has been 
put on th^ market containing the valuable 
mineral, protein, and fatty constituents 
of the inner branny coat, germ, and 
.semolina. This is the so-called “So 
per cent, flour*’ and is used in making 
“Standard bread.** By “8o per cent, 
flour ” is meant that from 100 lbs. normal 
wheat (<.t’., I bushel weighing 64 lbs.) 80 
lbs. of flour are obtained. 

The food known as Grape-Nuts is 
derived solely from cereals, the con- 
stituents of which are rendered more 
digestible than in the raw cereal (pro- 
b2U>ly by a process of malting followed 
by roasting). This is evident from the 
remarkable solubility of the preparation, 
nearly 50 per cent, of which is soluble 
in cold water. The soluble portion contains no starch, being chiefly dextrine. The following 
gives an analysis of a sample of “Grape-Nuts**; moisture, 6 per cent, ; mineral matter, 2 per 
cent.; fat, i.6r per cent. ; proteids, 15 per cent.; soluble carbohydrates, etc., 49.4 per cent.; 
unaltered insoluble carbohydrate, 26 per cent. ; the mineral matter is rich in phosphoric acid. It is 
placed on the market by the Postum Cereal Co. Ltd., Battlecreek, Michigan. 

The process now usually adopted for working wheaten flour for pure starch is 
the Sweet Process. The flour is mixed with a small amount of water to a stiff dough, 
placed in special kneading machines, and the excess of water kneaded out. Most 
of the starch goes into suspension in the water, forming a milk, while the sticky 
gluten and cellulose fibres remain behind as a thick soft mass. Tlxe open kneading 
machine most used for the process is seen in the illustration. It consists of a 
trough in which two kneading arms are worked in opposite directions, one directly 
by means of a pulley and the other indirectly by means of toothed wheels. The 
wings revolve at different rates, so that no clogging can occur. The starch milk is 
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emptied out of the trough from time to time, the last traces being removed from 
the remaining gluten by passing the mass through rollers. 

The starch milk is separated into pure “ Prima starch and glutinous secondary 
starch by centrifugalling in special drums, which are non-perforated, the process 
being exactly the same as described in the manufacture of rice starch. The drying 
is also carried out as with rice starch, similar fissures making their appearance in 
the dried mass as is the case with rice starch, the fissured appearance differen- 
tiating the valuable wheaten and rice starch from the cheaper potato starch. Even 
on adding glutinous material to potato starch it is impossible to obtain this 
fissured appearance. 

The gluten-rich secondary starch is either directly used as food (also as cattle 
food) or is allowed to spontaneously ferment at 50'' C. (see below) when a further 
yield of starch is obtainable. 



In Germany wheaten starch 
factories arc often run directly 
in co!incction with a bakery. 
The dour is kneaded out with 
water and the starch milk is 
separated as above described 
and w orked for pure starch by 
means of centrifugals. In this 
way, 60-75 of pure 

starch is oVjtained. The 
glutinous residues are then 
used for baking. 

With proper care 100 
parts of flour yield 60 
parts pure ‘‘prima starch,” 
10 parts “secondary 
starch,” and 10 parts of 
the sticky gluten. The 
gluten is difficult to com- 
pletely dry, and being a 
proteid, in a wefc condi- 
tion rapidly undergoes 
putrefaction. In a dried 
and powdered condition 
attempts have been made 
to place it on the market 
under various tradenames, 
e.g., “Albumen Powder,” 
“ Aleuronate,” etc., but 
withlittlesuccess. Usually 
it is allowed to putrefy 
at about 50*" C. for some 
time, when it acquires 
gummy properties, and is 
then rolled out into thin sheets, dried, and sold as a paste called “ Shoemakers’ 
Paste.” No other paste adheres so well to leather as this paste, and with it leather 
can be secured not only to leather but also to woven materials, paper, etc. 


Fig. 69. — Kneading Machine. 
(Werner, Pfleiderer, ik Perkins, l‘eterborough.) 


Formerly, and to some extent at the present time, crushed wheat was worked for starch by 
moistening with water and allowing fermentation to set in, lactic acid being formed and the gluten 
largely dissolved. The starch granules could then be easily washed free from the gluten. The 
residues could only be used as cattle food. 

Potato Starch. — The potato contains from 16-22 per cent, of starch, 1.5 
per cent, of sugar and dextrine, and 76 per cent, of water. (See p. 178, Table.) 

In Germany very large amounts of starch are obtained from potatoes ; 3 per 
cent, of the total potato production going for the manufacture of starch, 6 per cent, 
being utilised for industrial alcohol and spirits, the rest being consumed as food. 
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In Germany the potatoes are usually worked for starch in small fiu^ones situated in country 
districts, which usually work only in the winter months and employ the waste from the manufacture 
directly as cattle food. 

The potatoes, when kept, lose considerably m weight through mtemal breathmg and loss of 
water by evaporation. Consequently, m order to dimmish loss, Siey are stored after harvesting in 
dark, cool cellars If allowed to freeze they become sweet owing to the accumulation of sugar 
in conseq^uence of the cessation of breathing (which consumes the sugar, evolving it as CO2) ''^en 
germinating m spring a large amount of starch is lost (see under Malt), being used as food for the 
growing pl^t. The germ contains the poisonous alkaloid Solanin. Potatoes are mvariably worked 
tor starch dunng the winter months. 

The percentage of starch m the potatoes is usually estimated by taking their 
specific gravity by means of Reimann’s potato balance, the potatoes being weighed 
in air and m water. If Wa« weight m air, and Ww* weight in water, then their 

Wfl 

specific gravity S is given by S - 

Direct experiments have shown that there is a connection between the specific 
gravity and the starch contents. The following figures are taken from Behrend 
Sr* MorgerCs Table : — 


Specific Gravity 
of Potato 

Starch. 

Specific Gravity 
of Potato 

Starch 


Per Cent 


Per Cent 

1 080 

139 

1.120 

22.5 

1 090 

16 0 

I 140 

26 7 

1 100 

18 2 

I 159 

306 

I no 

203 




Young or diseased potatoes are unsuitable for starch manufacture, the former 
containing small undeveloped starch granules, and the latter having the granules 
partially destroyed, which renders the isolation of pure starch difficult 

The larger the starch granules in a potato the better the yield and quality of 
the prima starch 

Attempts have been made in Germany to increase the starch content of potatoes 
by selective cultivation, much in the same way that the enrichment m sugar of the 
sugar-beet has been effected (see Sugar, p. 144), but up to the present, however, 
with little success 

Manufacture — The potatoes are first washed in special machines, and then cut 
up into a fine pasty mash by special cutting machines The starch is washed out 
of the pasty mash by water The residual fibrous matter, consisting principally 
of cellulose, is used for feeding cattle, and sometimes for making glucose A brush 
extracting machine is used for washing out and removing the starch granules from 
the potato mash, the starch being obtained as a milky suspension in water. The 
brushes are arranged spirally round the axis of the machine, and cause the potato 
pulp to traverse it from end to end, subjected meanwhile to the washing effect of 
water. The cellulose fibres are separated by sieves, and the milky starch suspension 
is run either through troughs inclined at a very small angle, or into large cemented 
ta^nks. The starch sinks to the bottom and is collected, washed again in tanks 
with pure water, allowed to settle, and the upper layer of starch, which is impure 
and greyish in colour, is scraped off. By repetition a perfectly pure moist starch is 
obtained, containing 50 per cent, of water. The starch is now dried. In the process 
it must not at first be heated beyond 40’ C., or it begins to swell up and gelatinise. 
The introduction of centrifugal machines for drying has been attended with 
beneficial results, the centrifugal drums being provided with fine cloth, which allows 
the water to pass through, but not the starch. The starch is centrifuged until 
It contains 30-35 per cent, of water. It is then transferred to special basketwork 
frames or drying apparatus, and dried in warm air at 30* C. until it contains 17-20 
|>er cent, of water. It is not dried beyond this, because if this were done the dried 
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starch on exposure to ordinary air would again rapidly absorb moisture until this 
percentage is attained. Potato starch is the cheapest kind of starch, being only 
half the price of the best rice or wheat starch. 

From 80^90 per cent of the starch in the potato can be isolated ^ careful work, and it comes 
Into the market m a ground condition as a fine white powder called “ Potato Flour.** 

Two qualities are usually sold, namely, Prmia Potato Flour, snow white, with only a trace 
of nitrogen, fat, and ash (less than 0.5 per cent), and Secondary Potato Flour, which is grey in 
colour, and contains a certain amount of nitrogenous bodies, fats, etc 

Potato starch is sometimes put on the market in a granular form (** Artificial Sago**), by 
mixing the damp starch with a httledextnne solution, rubbu^ the mass through sieves with 3*5 mm. 
mesh, roundmg the particles m a rotating drum about 13 ft. long, dusting with powdered starch, 
sievmg and drying at 100** C in a chamber until a glaze is formed, then drying at a lower temperature. 
It is often sold as ** sago ** and has the same natndve value as true sago 

The pulp left behind after the extraction of the starch amounts to about 20 per 
cent, of the original weight of the potato, and contains 10*20 per cent, of the total 
amount of starch originally in the potato, as well as much cellulose fibre, nitro- 
genous matter, and ash. It is either dried to 70 per cent, water and used as 
provender for cattle, in a fresh condition, or dned further, mixed with oil cakes, 
compressed, and sold in the form of cakes for cattle. The juice and liquor from 
the potatoes is rich in nitrogen, potassium, and phosphorus, and is used for 
manuring land. Potatoes contain 0.25 per cent. N, 0.2 per cent. P8O5, and 0.6 
per cent. K2O (See Table, p 178 ) 

Maize Starch or Corn Starch Manufacture, now an enormous in- 
dustry m the United States, is earned out by steeping maize m large hopper- 
bottomed wooden vats with water containing 0.3-1 per cent, of sulphur dioxide, 
SOj. The steeping lasts two to four days, the hot SOg water being kept in 
circulation by steam siphons and heat is supplied to maintain the temperature at 
40**50® C. (i2o*-i4o* F ) 

The steep water is either run to waste or evaporated to recover the soluble extract as cattle food. 

The disintegrated gram is crushed in a Foos mill and stirred up with water. 
There remains a sediment of unground maize (which is reground) •while the 
finely ground portions pass away suspended in water through a large V-shaped 
tank (the “ Degerminator **) fitted with a screw conveyer in the bottom and 
skimming paddles at the top The germ of the maize floats and is skimmed 
off by the paddles and so separated. 

The separated germ is washed free from starch, cooked with live steam, and ** malze-oil ** or 
** corn-oil^* IS manufactured by pressing, the soUd residue being sold as a cattle food, as ** oil-cake** 
or ** maize-germ cake.** See p. 44. 

The endosperm, starchy and dextrinous matter, bran, fibres, etc., pass on in 
the liquors, known as separator-liquors. These liquors are first of all passed 
over vibrating copper sieves, which retain the coarser particles, bran, fibre, etc., 
the starch suspension passing on to other sieves. 

The coarse material retained by the copper sieve at this stage is caught m elevators, conveyed 
afiesh to the grinding mills, ground with water m burr-stone mills, pumim to mechanically stirred 
feed vats, and the liquor coming from these is umted with the above mentioned ** separator 
liquors” commg from ^e degerminator. 

The starch-containing liquors coming from the copper sieve now pass over 
a senes of sieves known as “shakers,” being made of No. lo bolting cloth 
stretched over wooden frames. These receive a vibratory motion from an 
eccentric shaft, the shakers being set on hickory sprains to give a rapid but 
soft motion. The starch cells pass through as a milky liquor, while a mass 
of grain and bran is left behind on the sieves (“ shakers ”). 

This residue is stirred with water to wash out starch, then pressed and sold as ** press feed ** ; 
Kut It IS dried and sold as “corn bran.** It contains: Proteids, 105 per cent; fat, 2.75; 
carbohydrates, 65.0. 

The milky liquor running through the sieves is known as **mill liquor” or 
“crude starch liquor.” It contains the starch as a fine suspenmon, i gal. containing 
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oz, pure starch and 1.5 o*. of “dry feed” Its specific gravity is 3* It is 
sometimes) run through another senes of sieves (to remove fibres, etc.) and then 
is made to flow over a long series of wooden gutters (usually made in sixteen 
sections, each 120 ft long and 6*7 in. deep, and each section divided by wooden 
partitions into three channels each 18 in. wide and having a slope of f in. in every 
12 ft.). The speed is i gal. per thirty-five secs , the entenng density of the liquor 
being 3.5* B^. The starch granules are here almost completely deposited, the out- 
flowing liquid only possessing the specific gravity of 0.5 B^. and escaping at the 
rate of i gal per twenty secs. 

The esc^ing liquors are either run into settling tanks, settled, and the supernatant clear liquid 
siphoned on and the fluid mass underneath sold as a cattle food (** swill ” or ** slop *’) 

Sometimes the sediment is pressed and sold as gluten-meal ** 

The Starch which has deposited in the gutters or runs is now shovelled out It 
contains 50 per cent water and is impure. It is made into a paste of 7* B^. with 
water in large wooden vats (“ breakers ”) provided with stirring gear, and a solution 
of caustic soda of 3* B^. run in until the liquid turns greenish yellow The alkali 
neutralises acidity, precipitates some proteid, emulsifies or dissolves any oil 

The fluid is now diluted to 3.5*^ B^. in vats, and once more sent down the 
separating gutters. The starch separated this second time is once more mixed 
with water, run into shallow pine-wood draining boxes, provided with perforated 
bottoms. The moisture drains off overnight and the blocks of moist starch (55 per 
cent. HjO) are then dumped out of the boxes on to the drying floors 

Very often the starch after coming from the gutters after the alkali treatment is further purified 
by muung with water to 11*- 12® , and is then placed on a series of sieves or shakes, where any 

coa^lated material separates, the starchy fluid pouring through at 8* B6, This liquid is then 
settled, the supernatant liquid run off, fresh water sdded, and the mass, of sp gr 24® B^., is run into 
the draining boxes as above describe Sometimes the alkali treatment is omitted, this **un* 
chemicalled starch ” being used for bakmg powder, or as size in the textile industnes 

The drying of the starch is best done m vacuum The purified starch paste is 
first run into boxes lined with linen, and placed in a vacuum chamber Rapid 
drying takes place in a few hours The starch in these boxes is cut into 7-in. 
cubes, placed in a hot air drying chamber provided with an exit for moist air In 
the streadi of dry air the starch completely dries in a few hours. 

In the old system of drying (still used), the starch was first dumped on to drying floors 
made of porous brick, covered with plaster of pans, and heated by steam pipes from beneath 
Here the moisture content is reduced from ^5 per cent, to 45 per cent. The starch is now crushed, 
placed in smaU blocks on shelves in a hot air drying kiln, and dned at 120^*130® F 

The yeUowish crust which forms on the outside is scraped off, and the blocks redned at 
I56®-X76‘ F. for three to sixteen days The scrapings are worked for starch, using alkali as before 

Maize yields 59 per cent, of starch, decorticated maize giving 68 per cent 

Maize starch is put on the market as (i) Thin boiling starch prepared by 
suspending unchemicalled starch m water (22* B^.), adding hydrochloric acid 
to the water in the mills, then boxing and draining and drying the starch as 
desenbed above. The HCl converts some of the starch to a soluble form, whereby 
it yields a paste of low viscosity. This is the “ drying-in ” process In another 
process, called the “ in-suspension ” process, the suspensfon of starch in water 
(22* Bd ) IS heated to a temperature well below the gektmisation temperature with 
a little HCl or H2SO4, with continual stimng. The starch is then run into boxes 
and dried. 

The thin boiling starches art used m laundry and confectionery work, and 
produce a thin paste. 

(2) Thick boiling starch is the ordinary starch, dried slowly as above 
desenbed. When very thick boiling starches are wanted, either for use in baking 
powder or as size in the textile industries, the treatment with alkali (see above) 
U omitted, the starch being merely run through the gutters or runs a second time 
and dned slowly. The protein is thus not removed, and so the material has a 
greater “agglutinatit^” power. 

The starches Mondamin ” and “ Maizona” are prepared from maize. 
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Cornflour is made from maize or Indian corn, large factories existing at 
Paisley in Scotland, the process of manufacture being very similar to that above 
described. Rice starch, similarly treated, is sold for dietetic purposes as ** British 
Cornflour,” etc. 

Manufacture of Arrowroot. — The roots of the plant Maranta 
arundinacea are collected, thoroughly washed, and the skin removed with 
suitable knives. The skm, if left on, discolours the starch and imparts to it an 
unpleasant flavour (owing to resins contained therein). After removal of the skin 
the roots are washed, pulped by crushing between copper rollers, or by pressing 
against water, and the pulp is transferred to upper cylinders provided with small 
perforators, where it is thoroughly agitated and treated with a current of water. 

The starch is thus separated from fibre, etc., and is carried away in the milky 
liquid issuing from the cylinders, the woody matter, etc., remaming behind. The 
liquid is now filtered through fine muslin sieves (to separate any floating fibre) 
and IS then allowed to settle in reservoirs, when it is washed with fresh portions 
of clean water after each settling. The starch is then transferred to shallow copper 
pans, covered with fine white gauze (to protect from dust, etc ), and allowed to 
dry. When dry it is packed in small barrels for shipment. 

The composition of the roots is given by Leuscher (Journ Chem Soc,y 1902), as H20=63 4 
per cent , starch = 27 8 per cent ; dextrin and sugar = 2 08 per cent , fibre = 3 9 per cent ; 
ether extract 19 per cent , proteid=i 64 per cent , ash=o 89 per cent Arrowroot starch 
contains, starch, 83.7 per cent , HgO, 15 9 per cent , fibre, o 04 per cent. , sugar, gum, o 18 per 
cent. } ash, o. 14 per cent. , proteid, o o 

Tapioca is prepared from the Cassava or Mandwc plant of South America 
The tubers are washed, peeled, pounded to pulp, pressed in baskets to expel the 
poisonous juice, and the meal thus obtained is sifted (to remove fibre), dried by 
gentle heat (never sufficient to colour the meal), which expels the last traces of 
the poisonous juice Cassava starch is prepared by repeatedly washing the 
fine meal with water, the sediment allowed to settle, the water decanted, and 
the starch is sun-dried. Tapioca is made from the moist starch by heating on 
metal plates The starch grains swell, burst, and become agglutmated*into the 
commercial granular “ tapioca.” 

Manufacture of other Varieties of Starch.— Starch is also manufactured 
from various other tropical plants, e g ^ Curcuma, Tacca, and Sago Sago starch is 
obtained by kneading with water the pithy interior of the sago-palm. “Pearl 
sago” is obtained by forcing the moist sago starch through sieves, rolling in 
cloth, and heating with a little fat in pans Pearl sago contains . starch, 84 6 
per cent ; HgO, 15 2 per cent , ash, on per cent. Large amounts come from 
Singapore A similar granular substance made from starch meal is known as 
“ Artificial Sago ” (see under Potato Starch) 

Soluble Starch is obtained by boiling starch with water, the solution be.ng 
rendered quite clear by the addition of a little caustic alkali If starch paste is 
heated to boiling under 2-3 atmospheres pressure a strongly dextro-rotatory solution 
([«]d*“ + 198*) IS obtained, which gives a deep blue colour with iodine, the 
addition of alcohol causes the precipitation of the “soluble starch” as a white 
powder, which, however, will not again completely dissolve m cold water. 

Other ways of rendering starch soluble are. stirring starch powder with a 
solution of caustic soda, also by stirring with water and warming with malt 
(diastastic action), dil H2SO4, or bleaching powder 

A recent patent (German Patent, 134,301) describes the manufacture of a 
soluble starch by mixing 100 kg. of starch flour with 3-5 kg of ammonium per- 
sulphate and 150 1, of cold water, standing for ten hours, filtering and washing 
until free from persulphate, and drying. The nascent O from the persulphate 
[(NH4)2Sj|Og + H20-«2(NH4).HS04+Oj acts on the starch and renders it soluble. 
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The product dissolves in hot water to a clear solution which solidifies on cooling 
to a jelly. Used in dressing textiles. 

Boiling with a volatile organic acid (formic or acetic, German Patents, 182,558 
and 137,330) also renders starch soluble The acid may be easily distilled off, 
and neutralisation is unnecessary. 

Starch is also rendered soluble by treating it with Cl gas and then heating to 
100^ (German Patents, 149,588 and 168,980), by treating with KMnO^ (German 
Patent, 156,148), by heating powdered starch to 62*-63* C. with HCl vapour 
(American Patent, 773,469), etc , etc Ozone renders starch soluble 

A starch which has the power of swelling up with cold water is made (German 
Patent, 157,896) by stirring between io*-3o* C. with 50-80 per cent of methyl or 
ethyl alcohol, so as to make a thin milky liquid suspension of starch. To 100 
parts of the mixture 40 parts of caustic soda solution (30® B6 ) are added, and then 
after some hours' standing, acetic acid. The starch is pressed out of the wet 
alcoholic solution, dried and ground Useful for dressing textiles and for manu- 
facturing adhesives 

A similar starch is made by stirring starch with warm Na3S04 solution, adding 
NaOH + Na2S04 solution, standing for ten minutes, pressing, drying and powdering 
(German Patent, 166,259) See also Dextrine 

Bleaching Starch — The practice of bleaching flour and starch has been declared by some 
authorities to be a highly deleterious one, while others assert that the custom is harmless The 
process is earned out by exposmg the starch or flour to the vapours of Nitrogen Peroxide. 

Uses of Starch —Besides being used as a food, starch is used in the arts for 
a variety of purposes, most of these depending upon its capacity for gelatinising 
with water and forming a paste Starch is used — 

I. In laundry work for stiffening linen collars, shirts, etc The gelatinised starch is applied m a 
thin layer over the article, and is converted by the passage of a hot iron into a shiny stiff* layer of 
dextrine (which see) The starch glazes are made by adding borax, finely powdered stearic acid, 
or paraffin to potato starch, and give a shining silvery lustre Potato starch is the cheapest 
variety of starch, and so is largely used for this purpose Wheat starch or, still better, rice starch 
(which cai\ be used with cold water, thus avoiding the trouble of boiling with water necessary with 
potato starch) are superior to potato starch for laundry purposes, but are dearer By mixing 
starch with azo-dyes coloured starches can be obtained, whicn vrash white again 

a As an adhesive, much is used by the paperhanger, bookbinder, etc. Potato starch forms 
a poor adhesive , wheat or maize starch are much superior for this purpose “ Gloy ’* is said to be 
a mixture of dextrine and starch with magnesium chlonde (see Dextrine) 

3 Many mixtures of starch and dextrine are employed as thickening agents for colours and 
mordants in calico printing, etc. etc The pastes must be free from acid and alkali 
4. For sizing paper, a mixture of starch paste and rosin is used 

5 Thin starch pastes are largely used for finishing and weighting calicoes, lace curtains, and 
cloths. Such pastes must be thin, and wheat starch is the best for the purpose, since it sinks into 
the fabric more thoroughly than potato or maize starch The cloth is, after soaking in the paste, 
passed through hot rollers, and so finished with a fine ^laze 

6. Fine rice starch is used as a face powder Fine starch is also used for dusting moulds in 
metal founding 

7 As a thickening agent for sauces, puddings, etc etc. 

8 Large quantities of starch are worked up into dextnne (or British gum), brewing and preserving 
sugars or dextrose, glucose, burnt sugar or caramel for colouring beer, etc. etc 

9 In a non-isolated condition the starch of potatoes and gram serve as a food (bread, etc ), and 
as the source of alcohol m beer and spirits, all of which are manufactured from starry material. 

Estunation of Starch, Testing^ Starch. — ^The amount of starch in gram and ^tatoes is 
determined by hydrolysmg ^e starch completely into dextrose with very dilute HCl. The starch- 
containmg material m a miely divided condition is first heated in an autoclave at 3 atmospheres with 
water, or diastase is added. The starch is thus dissolved in the water, the cellulose and fibres 
remaming behind and are separated by filtration. The clear filtered starch solution is now converted 
into dextrose (by heating with dil HQ), which is estimated m the usual way with Fehling's solution 
100 parts of dextrose are obtained from 92-93 parts of starch (theory 90) 

Qualitatively the presence of starch may be detected by the blue colour it gives with iodine. 

A microscopic examination (see p. 176) determines the nature of the starch (rice, potato, 
wheat, etc.,) and whether adulterated Good starch should not contam more than 20 per cent 
water, whii^ is estimated by heating 10 g. starch to 40*-5O* C. (not higher) for one hour, then to 
120* C. for four hours, cooling m desiccator, and weighmg 
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Aad&, if present in the starch, are e$timate 4 (Saare) by stirnng 25 g. starch with 50 c.c. to 
form a thidc paste, and titrating the paste with ^ NaOH until a drop of the solution placed on a 
folded filter paper is not coloured red with litmus ; a control experiment is necessary, using neutral 
8tardb« 100 g. of a shgktfy acid starch require 5 c.c. — NaOH. The starch is acid if it requires 
N 

8 C.C. ^ NaOH, and strongly actd if more than 8 c.c. are required for neutralisation. 

The adhesive power of the starch is determined (Scheil) by mixing 4 g. with 50 c c. water, and 
boilmg over a Bunsen burner until the paste is transparent and begins to froth The burner is 
removed and paste well stirred. The heating must not last for more than one minute. 4 g. m 50 c.c* 
of HgO of a normal starch sets, on cooling, to a paste which cannot be poured out of the dish 

Impurities may be estimated in the ash of the starch, or m the residues left after dissolvmg out 
the starch. Starch is easily brought mto solution by warming at 65*^ C. for two hours with a normal 
malt solution (100 g. malt m l litre water) 


DEXTRINE, BRITISH GUM, STARCH GUM 

When starch is heated to iSo^-aoo® C. for a short time, or when moist starch 
paste IS heated with a trace of acid, best with HCl or some other easily volatile 
acid. It IS converted into a thick gum-like mass, possessing powerful adhesive 
properties, and which is in consequence largely used as a substitute for the expensive 

gum-arabic. 

Dextrine is not such a powerful adhesive as gum-arabic, and papers covered with 
It easily become moist in wet weather, but it is far less expensive, and consequently 
is much used as the gum for paper labels, stamps, envelopes, etc. It has the 
advantage over starch as an adhesive that it dissolves in cold water and need not 
be boiled.^ Mixtures of dextrine and starch paste are on the market as adhesives 
(**Gloy ” is said to be such a mixture with magnesium chloride) and as a thickening 
agent in colour printing 

Dextrine is prepared from starch in two ways : — 

1 The Acid Process.— This is steadily gaming ground ; it consists m taking 
the damp green ” starch, fresh from sedimentation, and mixing with it 0^-0 4 per 
cent, of concentrated hydrochloric or nitric acid and heating in open pans in a 
closed chamber heated to 150* C The acids volatilise and the dextrine is left as 
a yellowish glassy mass, which usually contains a small amount of starchy matter 
insoluble in water, and a small percentage of dextrose. 

2 The Roasting Process.— The starch is heated without acids in rotating 
cylinders to a temperature of i8o*-2oo* C , the starch being fed in at one end and 
removed as dextrine at the other. In Lehmann's process the starch is placed in 
closed vessels provided with powerful stirnng apparatus and heated at the bottom 
by superheated steam to the necessary temperature. It yields a better product 
than the rotating cylinder method 

“ Crystallised British gum,” “ crystallised gum,” etc , is simply dextnne which 
has been decolourised with animal charcoal and evaporated down until on cooling 
It gives a light coloured brittle mass, similar to dried gum-arabic. 

Statistics. -^In 1910. about 92,000 cwt. of dextrine, of value ;£63,ooo, were imported mto 
England, and 3,800 cwt., of value ;^3,200, were exported The Umted States in 1910 import^ 
6,392,000 lbs. (value, $197,000). 

Shoemakers’ Paste (see p. i8o) is also a dextrine. See also under Glue, 
Gums 

For the manufacture of Starch Sjrrups, starch sugar, glucose or dextrose, 
see under Glucose 



BAKING POWDERS 

By Geoffrey Martin, D.Sc., Ph.D , F.LC 


Baking Powders may be defined as any powders used as a substitute for 
yeast in making bread or pastry. 

Yeast acts by evolving carbon dioxide gas, which renders the bread spongy, the 
gas being liberated as a result of the vital processes of the yeast cell 

Baking powders also act by evolving carbon dioxide, but this is liberated by 
the chemical action of an acid on a carbonate. 


Composition — The best baking powders are made from a mixture of tartaric 
acid, cream of tartar, and sodium bicarbonate, together with a diluent such as 
starch or flour 

The following is a typical baking powder of this type : — 


Tartaric acid 
Cream of tartar 
Sodium bicarbonate - 
Rice flour - 


6.25 per cent 

18 75 >1 

25 00 » 

50 00 .. 


It IS a great advantage for the carbon dioxide to be liberated slowly, because a dough can then 
be kept some time before baking This is achieved by adding cream of tartar to the baking powder, 
because it is only slightly soluble m cold water, but readily soluble m hot, whereas tartaric acid is 
readily soluble both m cold and hot water Hence, when mixed cold into the dough the moisture 
causes the evolution of a certain amount of gas by the action of the free tartaric acid on the 
carbonate When the dough begins to be bak^, and becomes hot, a second slow evolution of gas 
occurs owing to the cream of tartar now dissolving in the hot water present, and actmg further on 
the sodium bicarbonate Also this mixture of substances does not darken the bread. 


The addition of tartaric acid is not essential; e,g.y Crampton’s powder 
contains — 

Cream of tartar - - • - *50 per cent 

Sodium bicarbonate - - - - 25 „ 

Maize starch - - - - • 25 „ 

100 

Very often, however, the cream of tartar is left out as m the following typical 
baking powders. Also the sodium bicarbonate is sometimes replaced by sodium 
carbonate or m^nesium carbonate, and occasionally (for very light pastnes) by 
ammonium carbonate . — 



I 



B 

5 

6 

Tariaru aetd 


6s 

28 

25 

25 

17-5 

10 

Sodium bti,arhonate 
Sodium carbonate 


25 

32 

25 

25 

10 

27.5 

Magnesium carbonate - 



12 




Fartna (potato flour) - 
Rue flour • 


15 

28 

50 

*• 

55.0 

80 

Matu stank 



•• 

50 

i 

1 . * 
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In many baking powders the tartaric acid is replaced by acid salts, such as acid 
ammonium phosphate, acid potassium and calcium phosphates, and 
acid potassium sulphate. These substances, however, tend to darken the 
bread. 


Examples of such baking powders are > 


1. Acid calcium phosphate 
Cream of tartar • 
Sodium bicarbonate - 
Corn flour • 


10 

25 

25 

40 


100 


3 . Acid sodium phosphate 
Acid calcium 
Sodium bicarbonate 
Starch 


3. Acid potassium sulphate 
Sodium bicarbonate 
Corn flour 


60 

20 

20 


100 


• 20 
• 20 

• 25 

• JS 

100 


Horsford’s Powder consists of two packets • (i) acid calcium phosphate and acid magnesium 
phosphate mixed with flour ; (2) sodium bicarbonate, with a little potassium chloride 

Occasionally the starchy dilute is replaced by powdered milk, which is 
stated (Hooker) to have a better leavening power and be more nutritions 

54 parts milk powder, 20 parts tartaric acid, and i part water are recommended See Joum» 
Sh Chem Ind , 1908, Vol 27 

Self-Raising Flours are simply flours ready mixed with baking powder 
for use. 

One well-known brand consists of 4 lb. sodium bicarbonate and ij lbs. cream of tartar, mixed 
with 1 12 lbs, flour 

Sometimes a little tartaric acid is added 


Manufacture^ of Baking Powders —The materials are thoroughly dried, 
then mixed m special mixers, and the whole then passed through a fine sieve, and 
kept in air-tight packages m a dry place 

The presence of moisture causes the acid to act on the carbonate, and thus causes the powder to 
detenorate So long as the powder is kept perfectly dry no marked action can take place. 

Analysis of Baking; Powders — Baking powders should be tested for alum and other 
injurious ingredients which render discolounsed nour white, but indigestible Arsenic, lead, etc , 
are also to be looked for The amount of carbon dioxide evolved by action of acid, or on heating, 
may also be estimated in order to see whether the powder has deteriorited A baking powder 
should evolve at least twenty times its volume of carbon dioxide. 
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THE CELLULOSE INDUSTRY 

By a. J. Carrier, B.Sc , and G. Martin, Pb D., D.Sc. 
I.-CELLULOSE, 

LITERATURE 

See also under “ Paper-Making,” “ Celluloid,” “ Artificial Silk ” 

Article on Cellulose” (Dr Frankland Armstrong) in Allen’s “Commercial Organic 
Analysis,” vol i , 1909, third edition, where analytical methods are discussed 
J. Bersch (Translated by W. T. Brannt) — “ Cellulose, Cellulose Products, and 
Artificial Rubber ” Philadelphia and London, 1904 
Cross and Bevan. — “ Researches on Cellulose ” 1895-1900, 1900-1905. London. 

,, ,, “Cellulose.” London, 1895 

,, ,, “Wood Pulp” London, 191 1. 

Schwalbe — “ Chemie der Cellulose ” 

C PiEST. — “ Die Zellulose.” Stuttgart, 1910 

Max Schubert — “Die Cellulosefabnkation ” Berlin, 1906. 

B M Margosches. — “ Uber die Viscose.” Leipzig-Gohhs, 1906 
Max Schubert — “ Die Holzstoff oder Holzschiff-Fabnkation ” 2nd Edition. Berlin, 
1909 

O. Dammer — “Chemische Technologic der Neureit” Articles on “Cellulose,” 
“Celluloid,” “Artificial Silk,” etc Stuttgart, 1911 
E C Worden — “ Nitrocellulose Industry ” 2 vols. London, 1911. 

Cellulose forms the basis of the solid framework of plants, and is the most 
widely-distwbuted carbohydrate of the vegetable kingdom. It occurs nearly pure 
in cotton, linen, and in the pith of many plants. Cellulose forms the raw product > 
for the manufacture of paper, nitro-cellulose (gun-cotton), celluloid, artificial silk,! 
and similar products ^ 

Cellulose is obtained very largely from wood, grasses, and, in small part, from 
straw. Among plants which are largely cultivated as sources for cellulose may be! 
mentioned cotton, flax, hemp, jute, esparto, China grass or ramie, etc - 

The formula for cellulose is (C^HjoOj).. The molecular weight is unknown, 
but is undoubtedly very high 

Cellulose is more stable than starch When air dried, it contains 6-12 per cent, 
of water, which is driven off at 100* C , but is re-absorbed on exposure to air. 
Several cellulose hydrates exist, which give an indigo-blue coloration with iodine 
in aqueous solution. Treated with dil. HNOg or chromic acid, cellulose is oxidised 
to an oxycellulose ; concentrated HNOg, however, nitrates it (See Gun-Cotton, 
Collodion, etc.) Prolonged boiling with dilute acids converts cellulose" into 
hydrocellulose, (CgHioOg)n.Hj^O, which is distinguished from cellulose by containing 
free carbonyl groups, and the greater reactivity of its OH groups 

The acetyl compound, Ci2^u04(0 CO CHg)^, an amorphous mass soluble in 
CHClg, is produced by heating cellulose with acetic anhydride to i8o’ C 

Concentrated sulphuric acid causes cellulose to swell up and dissolve to a 
paste-like compound called amyloid, which is precipitated by water If the 
solution be greatly diluted and heated to 120* C, an almost quantitative yield 
of dextrose is produced. This when fermented yields alcohol — one of the suggested 
methods of obtaining alcohol from wood. 

The enormous magnitude of the cellulose industry (including wood and timber, paper, wood 
fibre, celluloid, etc.), may be gauged from the following statistics * — 
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Imported into the United Kingdom, 



1906 

1910 

Value in 1910. 

Wood and timber 

Furniture woods, hard woods - - - 

Manufactured wood 

Paper 

Paper-making materials .... 

Celluloid ware 

Artificial silk 

10,080,000 loads 

279.000 tons 

452.000 tons 
834*000 „ 

9.820.000 loads 

270.000 tons 

548.000 tons 

1.085.000 „ 

;^24, 550,000 

1.870.000 

2.340.000 

6.410.000 

4.970.000 

450*000 

40,000 

Total value .... 

•• 

... 

;S' 4 D, 430 ,ooo 


Exported from the United Kingdom 



1906 

1910 

Value in 1910 

Wood, timber, and manufactured wood 

Paper 

Paper-makmg materials .... 

Xylonite and celluloid ware - 

Artificial silk 

71,000 tons 
112,957 „ 

144,000 tons 
165,217 „ 

;^l, 960,000 
3,120,000 
744, aoo 

167.000 

196.000 

Total value .... 


- 

;^6, 187,000 


The magnitude of the United States cellulose industry is shown by the following figures 



Import, 1910 

Export, 1910. 

Wood, and manufactures of - - - 

,, unmanufactured 

Paper, and manufactures of 

$54,422,000 

51.221.000 

17.536.000 

j- 178,814,000 
16,083,000 


For details, see under special articles For linen, cotton, jute, etc , see under Textile Fibres 
Estimatiofl and Valuation of Cellulose 

I The percentage of cellulose in a sample is best determined by Cross and Sevan’s chlorination 
process {Trans Chem Soc,, 1889, 55, 199). 5 g of the fibre dried at 100® are boiled for half an 
hour witli I per cent NaOH, washed and squeezed to remove NaOH and water, placed in a beaker 
and subjected to a slow stream of chlonne. The non-cellulose portions (lignm, etc ) form soluble 
chlorinated products. After thirty to sixty mmutes’ exposure the product is washed, heated to 
boiling with a 2 per cent, sodium sulphite solution, o 2 per cent NaOH added, boiled for five 
minutes, filtered, washed, and dried at 100® C. For other methods see Allen’s “Commercial 
Analysis,” vol. 111. (1909 ed.). 

2. The “copper” value is determined by boihng 3 g. of the cellulose with 200 c.c. HLO 
and 100 C.C. Fehhng’s solution. The weight of metallic copper calculated on 100 parts of ^y 
cellulose represents me copper value. Hydrocellulose gives 2 to 8 8, oxycelluloses give 7 6 to 35 
The copper value gives the number of free carbonyl groups in cellulose, and hence is a measure of 
Its stabihty. Those sorts of maximum resistance contain no free carbonyl groups (copper value = 0) 
The oxycelluloses are less resistant to hydrolysis, and hence are less stable and more perishable than 
normal cellulose. 

3. The “ash” and “moisture” in cellulose are determined by the usual chemical methods. 


Cellulose Solutions 

Cellulose is insoluble in water and simple solvents Certain metallic salts, 
however, cause it to combine with water, passing through the condition of gelatinous 
hydrates into a homogeneous viscous solution. 
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(a) Zinc Chloride Solution in Water.— i part of cellulose is digested 
in a solution of 4-6 parts ZnCl2 m 6*io parts water, at a temperature of 6o*-ioo* C. 
A homogeneous syrup results, which is employed for making lamp filaments by 
squirting through a fine onfice into water or alcohol The precipitated hydrated 
cellulose-zinc-oxide is treated with dil HCl and well washed. 

Vulcanised Fibre for making valve discs, etc , is made by treating sheets of 
paper with ZnClj solution, and subjecting the gelatinised sheet to pressure (see 
under Paper). 

Zinc chloride dissolved in HCl (40 per cent.) dissolves cellulose in the cold, 
but on keeping the solution hydrolyses. 

(p) A Solution of Cuprous Hydroxide in Concentrated Ammonia 

(cuprammonium solution) gradually gelatinises and dissolves cellulose. The 
cellulose may be recovered unchanged as a white flocculent precipitate by acidi 
fying with dll. HCl or H2SO4. 

This property is used in the manufacture of “ Willesden ” fabrics Vegetable 
textiles are passed through a bath of cuprammonium hydroxide, and thus are 
coated with a film of gelatinised cellulose containing copper oxide, hence the well- 
known green colour (see under Paper). 

{c) Viscose or Cellulose Thiocarbonate or Xanthate Solution.— 

Bleached cotton, etc, is treated with excess of a 15 per cent solution of NaOH, 
Squeezed until it retains three times its weight of solution The soda cellulose 
obtained is treated in a closed revolving barrel at a temperature of about 15® C , 
with CSg, in quantity about 40 per cent of the weight of the cotton After about 
three hours the mass is covered with water, and allowed to stand On stimng, a crude 
solution IS obtained, from which pure viscose may be made by treatment with 
brine or with alcohol 

The above reaction may be represented by the typical equation 

/OX 

X,ONa + CSj = CS < 

^SNa 

Cellulose 

xanthate 

where X represents the cellulose residue, C|2H|g09, or CeH904. The process is 
patented by Cross and Bevan (English Patent, No 8,700, a.d. 1892). 

Viscose IS reconverted into cellulose (i) spontaneously, on long standing; 
(2) by heating, (3) by treatment with oxidising agents. This property is taken 
advantage of in the production of artificial silk or lustra-cellulose (which see), in 
sizes for paper pulp, for surfacing and finishing paper, and for cloth yarns, for 
making photographic films, and for agglomerating various filling materials, and 
finally, in maWng vehicles for paints. See also Artificial Silk, the Viscose 
Process 

(d) Cellulose is also dissolved by heating at 180® C. with 7 parts of acetic 
anhydride, the triacetate, C^H7(C2H802)802, being produced. The cellulose 
acetates have now important uses. See under Cellulose Esters. 
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II.— WOOD AND TIMBER PRESERVATION, Etc. 

UTERATURE 

B. Malenkovic. — ** Die Holzkonservierung.” Vienna, 1906 

P. Charpentier —“Timber ” London, 1902 

Norfolk Creosoting Co , U S A. — “Creosoted Timber ” 1909 

ANDi:s. — “ Feuersicher-, Geruchlos*, und Wasserdichtmachen ” Vienna, 1896. 

„ “Das Conserviren des Holzes *’ Vienna, 1895 
W. B Campbell, B.Sc — “Preservative Treatment of Wood.” Journ, Soc Chem» Jnd,^ 
191S. 34 » a 57 ‘ 

The chemical constitution of wood has been dealt with under Cellulose. For 
statistics regarding timber, see p 188 

Treatment of Timber 

Timber is very liable to decay, and thus it is that all timber used for construe 
tional engineering is specially treated 

(a) Impregnating. — Timber to be used for railway sleepers, telegraph poles, 
etc , is impregnated with antiseptic chemicals, such as creosote oil, zinc chloride, 
copper sulphate, etc. The wood is dried by stacking for some months , then it is 
placed on iron bogie frames which are run upon rails into a very strong horizontal 
iron boiler (say 30-60 ft long by 6-7 ft. in diameter), which is then closed by a 
•cover. The air is exhausted up to ^ atmosphere so as to remove air from the 
wood pores, otherwise the air contained in them would resist the entrance of the 
oil. Next creosote oil * is run in, deeply penetrating into the pores of the wood 
until the latter is saturated, then a force pump forces more oil into the cylinder until 
a pressure of 8-10 atmospheres is attamed, the pressure being maintained for several 
hours. The wood absorbs about i gallon of oil per cubic foot. This creosoting 
process is almost exclusively used for telegraph poles, railway sleepersj and piles 
Sometimes impregnation is carried out with zinc chloride solution, less often with 
copper sulphate solution, and now very rarely (on account of expense) with mercuric 
chloride Other chemicals used are aluminium sulphate, sodium aluminate, ferrous 
sulphate, sulphate and borate of ammonium, sodium fluoride, etc. etc 

One of the chief difficulties of creosoting is the presence of moisture in the 
wood, which impedes the entrance of the oil, because oil and water will not mix 
This is the reason why timber after cutting must be “ stacked,^' or air dried, for 
some months. Vohl proposes to treat green timber by adding enough caustic soda 
to the creosote to make it miscible with water, impregnating the timber, and 
“fixing” the creosote with dilute ferrous sulphate Other attempts consist in 
making the oils soluble in, or emulsionable with water by sulphonation, by adding 
soap (6.5 per cent ), zinc chloride, etc. (See German Patents, 139,441, 152,179, 
118,101, 150,100 ) 

The disadvantage of creosoted wood is its great inflammability and smell 
Impregnation with metallic salts renders wood almost non-inflammable. Boiling 
wood with sugar solution for some hours, and drying on hearths, protects wood 
against mildew and rot, and increases its strength 

ip) Metallisation. — Here the wood is impregnated successively with two 
solutions of salt, which combine in the fibres, forming an insoluble precipitate, f ^., 
the wood is soaked with a soluble copper or zinc salt, and then impregnated with a 
solution of a resin salt Insoluble copper or zinc resmates are deposited in the 
fibres* Similar solutions are* Calcium chloride followed by water glass (Na 
siheate); calcium chlonde -h Na2S04 , barium sulphide -H FeS04, etc. etc. 

* Creosote oil is a coal-tar fraction, of sp, gr. 1.09 at ao* C., distilling between 2io®-355* C. It 

should contain little free carbon. 




TIMBER PRESERVATION 191 

Gautsche (German Patent, 152,006) renders wood “fireproof” by removing 
air tn vacuo^ and then impregnating under pressure with ammonium sulphate and 
borate at 50* C. Such wood will only char to a depth of 1 cm , and will not 
spread fire. 

Hasselmann impregnates wood under pressure with boiling solutions of iron 
and copper salts. Wood is also made fireproof (superficially) by painting with 
sodium silicate 

{c) Surface-Charring Wood — This is an old process, and consists in 
scorching the surface of the wood with blowpipe flames, and rubbing off the charcoal 
produced, thus giving a smooth, hard, brown surface, very resistant to moisture and 
rot It does not protect the interior parts of wood from dry rot should these be 
infected before carbonisation The heating of the wood on the surface causes 
It to be impregnated with tarry matters, and this explains the preserving effect 

(d) Drying Wood — Wood is always “ seasoned ” or air dried for a consider- 
able time— sometimes two to three years — before being used, by the simple process 
of stacking under a shed so that air has full access around and between the 
planks Imperfectly dried timber will not only easily warp, but is very susceptible 
to dry rot, mildew, etc Sometimes, after stacking, the wood is dried in a stream 
of hot air at 3o‘*-i5o*‘ C., the wood being placed m large heated chambers for the 
purpose, and the heating being carried out very gradually, otherwise the wood will 
split or warp The dried wood i^? usually brushed over with tar, linseed oil, 
paint, etc; “Green timber” contains 40-60 per cent water, but “air-dry” timber 
10-12 per cent. When the moisture content falls below 10 per cent wood-destroying 
fungus cannot develop 

(e) The sap of the tree, containing albuminous matter, sugars, etc, easily 
becomes decomposed and sets up putrefaction, and nourishes insects, etc The 
tendency is lessened by withdrawing the sap, (a) by soaking in water, (b) better by 
steaming in enclosed iron apparatus with steam pressure, or simply (but less 
satisfactory) by sixty to seventy-two hours* steaming in wooden vessels 

Making Wood Non-Inflammable,— The following means are in use.— 

(1) Painting with water-glass solution, this is probably the best material; 

(2) impregnating with alum followed by lime, or impregnating with sodium or 
potassium carbonate, followed by an alum solution, (3) other impregnating solutions, 
especially for fire-protection, are copper sulphate, zinc chloride, ammonium sulphate 
and gypsum, borax and magnesium sulphate See under Metallisation above 
For methods of making fabncs non-inflammable see Section XVII., Part III , Textile 
Fibre Industry, p. 527 
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III.^WOOD PULP FOR PAPER 

LITERATURE 

Cross and Bevan.— Wood Pulp ” I>ondon, igii. 

Max Schubert — “Die HolzstofF oder Holzschifif-Fabnkation.” 2nd Ed. Berlin, 1909. 

„ “ Die Cellulosefabrikation.” Berlin, 1906. 

C. PiEST — “ Die Zellulose ” Stuttgart, 1910. 

See also the general works mentioned under Cellulose, p. 187. 

Mechanical Wood Pulp for Paper 

The wood blocks, after a preliminary steaming, are pressed against a revolving 
grindstone, which reduces the material to a fine condition, but not to a powdery 
form. The disintegrated fibre is pressed against a wire screen, which allows the 
finer particles to pass through, retaining the coarser particles for further treatment. 
Voelter's wood-pulping apparatus is shown m Fig 70. 

A IS the pulping apparatus, with the vat k in which the revolving grindstone s is 
placed. The blocks of wood are forced against the circumference of the revolving 
stone by the arms pp. Water is introduced at G, and the revolving stone carries 
the pulp against the screen e, which admits the passage of the finer particles of the 
wood, while the coarser particles pass away through an oscillating basket placed 
m the trough into the refining cylinder b, which retains the coarser particles , thence 
It passes through the distributing apparatus and hopper c to the refining cylinder d 
The refining cylinders are covered with fine gauze wire sieves The ground material 
which fails to pass through the sieves, is ground up by millstones e, the united 
pulp being mixed in the tank f, and passed successively from the circumference 
into the sieving cylinders G, h, and i, thereby removing all coarse particles from the 
pulp, the rejected coarse particles are ground down by grinding stones and 
sieved again. 

Mechanical wood pulp is only used for making mfenor grades of paper, such as 
news and wrapping, because such paper is difficult to bleach white, and on exposure 
to sunlight, or on keeping, turns yellow. 

The presence of mechanical wood in paper can be easily detected, since such 
paper gives a purple stain when moistened with a mixture of phloroglucm and 
hydrochlonc acid, while a solution of aniline hydrochloride colours it deep yellow. 

The colouring is due to the encrusting matter, the lignin, which surrounds the 
cellulose fibres of the wood, and forms about 30 per cent, of the wood, the rest 
being cellulose (60-70 per cent.), resin, and similar products. 

Statistics — The United Kingdom in 1910 imported 8,500 tons of dry and 480,700 tons of wet 
mechanical wood pnlp, of total value 1,160,000. 311,000 tons were ootamcd from Scandinavia. 
The Umted States in 1909 imported 109,000 tons of mechanical wood, value, $2,058,000. 


Chemical Wood Pulp (Pure Cellulose) 

As mentioned above, ordinary wood fibres do not consist of pure cellulose, 
but are encrusted with lignin, xylan, and other complex substances, which cement 
the cells together into a stiff mass. Ordinary wood contains only about 60-70 per 
cent, of cellulose, the rest consisting of encrusting substances, resins, etc., all of 
which must be removed by chemicals before such cellulose can be used for making 
the better qualities of paper, as the paper otherwise turns yellow and is weak. 
The encrustations are remov^ by several methods. 

The Sulphite Process. — This is principally used in Scandinavia and 
Germany, about 560,000 tons of cellulose being yearly manufactured by the 




194 


INDUSTRIAL CHEMISTRY 


process (Z angew* 1907, 610). It was patented in 1866 by Tilghman, 
and worked on the large scale by Ekman and Mitscherhch. 

The wood — ^usually pine — ^has the bark removed, and is then cut by rotating 
knives into thin slices about i mm. thick. The wood is then (usually) steamed, 
and the brown waste water run away; next it is introduced into large boilers 
(12 yds. long X 4 yds. diameter) and heated for several hours with a solution of 
calcium bisulphite, which is produced as follows (Mitscherlich) : — 

Iron pyrites, FeSg, is roasted in furnaces similar to those used in the manufacture 
of sulphuric acid. The gases, rich in sulphur dioxide, which pass away up the 
flues, are led in at the base of a tall tower, which is from 30-90 ft. high and 
about 6 ft. in diameter: the tower is filled with chalk or limestones, which rest 
on a senes of gratings placed at intervals up the tower. A stream of water trickles 
over the limestones, entering at the top of the tower and escaping at the base 

The sulphur dioxide in the ascending gas is absorbed by the water to form 
a solution of sulphurous acid; the acid solution then attacks the limestone, 
forming a solution of calcium bisulphite. Often the gases are allowed to pass 
through several such towers in succession, until a sulphite solution of requisite 
strength is obtained The solution used for boiling should have a density of 
4*-5‘’ B6., and contain 30 g sulphurous acid (as determined by iodine solution) 
per litre, 25-33 per cent of the sulphurous acid being united to calcium in the 
form of calcium sulphite The solution also contains some calcium sulphate, 
owing to the oxidation of sulphurous acid Each cubic foot of wood requires 
about I J cub. ft. of sulphite solution 

Since the sulphurous acid rapidly attacks the iron of the boiler, the latter must 
be protected on the inside against the corrosive solution This was formerly 
achieved by an internal coating of lead This, however, has now been abandoned 
in favour of a layer of acid-resisting tiles embedded in cement, the joins being 
luted with a mixture of lead oxide and glycerol (100 PbO . 12 glycerol), or with a 
mixture of Chamotte powder, cement, and water glass. If the iron is not protected 
the corrosion is such that explosions of the boiler may occur 

The boiler is heated by indirect steam (steam coils) to a temperature of 
II 5®- 1 20* C., under a pressure of 2^-4 atmospheres The wood is heated for 
twenty-four to forty-eight hours Rttter-Kellner heats to 140®-! 50® C with free 
steam for eight to sixteen hours under 4-6 atmospheres This process is much 
quicker, but yields a softer and weaker cellulose than that obtained by Mitscherlich’s 
process 

Occasionally small rotating boilers are used in order to ensure thorough mixing , 
sometimes two or more boilers are united together to form a system, with the 
object of utilising the lye twice When the process of boiling is finished — which is 
determined by withdrawing a sample of the sulphite liquor and estimating the 
SOg in it, the percentage of which greatly diminishes owing to its absorption by the 
wood — the boiler is blown, the escaping SOg being led into the sulphite towers 
Next the brown solution is run off, and the cellulose washed once with water in 
the boiler The wood by this treatment has been resolved into a mass of cellulose 
fibres, which can be pressed easily into a paste All the encrusting substances have 
been dissolved and passed away with the sulphite solution 

The exact nature of the changes which take place are not thoroughly understood, being, 
doubtless, of a very complex nature. According to Klein {Papier zeitung^ 1906, 167), the calcium 
salt of ligninsulphomc aad, CiaHxaO^SCa, is produced Accordmg to Klason^ lignin has a 
constitution similar to a glucoside, being formea by the combination of aromatic substances and 
sugars or cellulose, it contains the oxypropylene group, CH=CH CHgOH, as well as aldehyde, 
methoxy and hydroxy groups. Durmg tne process of boiling the sulphite unites thus : — 

=C *=CH 

In the compound thus produced the SO^, iS so firmly fixed that it does not exert reducing 
properties, and does not affect iodine, nor is it liberated by HgS04. Hie sulphite solution also 
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contains various sugars, such as dextrose from cellulose, xylose, C5H10O5, from xylan, tannic acid, 
resins, proteids, acetic acid, etc. 

The cellulose fibres in the boiler must now be carefully freed from twigs, 
unacted-on wood, knots, dirt, etc., which otherwise would form black specks in 
the paper. For this purpose it is crushed in special machines, and pulped in 
Hollanders, the pulp being finally purified from dirt, splinters, etc., by a careful 
sieving process, the residues being ground up and worked again. Finally the 
refined wood cellulose is poured on to a wire cloth, as in paper-making, and 
obtained in the form of thick sheets , it is dried on hot rollers and sent to the paper 
mills as » Half-stuff” The substance is almost white, but for making the best 
sorts of white paper it is bleached with chloride of lime and acid, or by electrolytic 
processes, as is described under Paper. This treatment destroys any residual lignin 
which may still remain in the cellulose pulp 100 parts by weight of wood yield 
40-45 parts by weight of cellulose, the rest going into solution 

Treatment of the Waste Sulphite Lye — We have just mentioned that over 50 per cent of 
the weight of the wood goes into solution in the sulphite lye in the form of the calcium salt of hgnin- 
sulphonic acid, (Ci8Hi908SCa), the acid being a gummy body. The lye also contains important 
quantities of dextrose (from the cellulose), xylose, C8H10O5, resins, acetic acid, tannins, and gummy 
matters. It is usually neutralised and filtered from fibres and allowed to run to waste into the rivers, 
thereby greatly polluting them Great efforts have been made to find an industrial use for these 
liquors, tne adequate, harmless disposal being an important industrial problem of the present day, 
and one which is causing increasing anxiety to the large cellulose factories 

In Sweden, the lye is neutralised, and the sugars fermented and worked for industrial alcohol 
(P 294) 

In several factories the lye is concentrated, when a gummy liquor is obtamed which is used as 
a sizing and finishing agent. The residues forming the black “Cellulose Pitch” have been used 
for briquettes By special methods extracts are obtained which are useful m leather manufacture 
(See German Patents, Nos 75 » 35 L 183,415, 194,872, 86,651, 93 » 944 , 93 > 945 > 122,489) The 
lignosulphite in solution has been used in medicine as a cure for consumption 

The Soda Process — This process is principally earned on in America, 
where over 75 per cent of the cellulose is manufactured by this process On 
account of its high cost compared with the sulphite process, and of the evil- 
smelling gases evolved, the process is only employed to a very limited extent in 
Europe, principally for straw, as the silica encrustations cause difficulties in working 
It by the sulphite method The wood, dried and cut up as m the sulphite process, 
IS placed in gas-heated boilers and heated with caustic soda solution of 12" B6 
under a pressure of 6-10 atmospheres The caustic soda dissolves the lignin, resin, 
etc, etc , and to some extent attacks the cellulose itself, so that the action is more 
deep-seated, and the yield less, than in the case of the sulphite process. The 
soda solution becomes almost black If straw is to be treated, it is cut up, and 
heated to 3-5 atmospheres, with a somewhat weaker soda solution than is used for 
wood 

In either case the cellulose must be carefully washed, resolved into fibres, and 
bleached before it can be incorporated into fine paper 

The soda lye must be regenerated It is evaporated tn vacuo and then calcined, whereby the 
organic matter is destroyed The sodium carbonate is extracted by lixiviation with water and is 
causticised by lime 

In each operation about 10-12 per cent, of soda is lost The loss is made good by sodium sulphate 

carbonate ^ 

The “sulphate” process is a modification of the soda process, sodium sulphate being the 
exclusive source of the alkali , this is reduced to Na^S in evaporating and ignitmg the lye from 
the boiled wood. The evil-smellmg gases evolved (mercaptans, etc.) are a great objection to the 
process 

Recently an mcreas^ demand has been made for a white “half-stuff” intermediate between 
mechanical wood pulp^and cellulose , the Swedes meet this want by boiline the wood with an 
insufficient amount of soda for complete action The product is used in making strong packing 
papers with a good “ rattle,” and is known as “ Kraft” papers. 

Cellulose may be manufactured from the refuse fibres of the cotton seed which 
remain on the seed shells after the cotton has passed through the ginning mill and 
which are waste products in the process of cotton manufacture. Fats, oils, and 
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resins are first extracted with naphtha, and the fibres are then boiled with caustic 
alkaline lye. (See German Patent, 134,263 ) 


Kellner’s Electrolytic Process for preparing Cellulose depends upon 
the formation of caustic soda, free chlorine, and hypochlorous acid when an 
electric current of suitable strength is passed through brine. 

The boilers a and b, Fig 71 , are charged with wood through manholes b, and then 
brine is run in until the level rises to the boiler c, as is shown by the water glass e. 
The temperature is brought to 262.4® F. (117® C.) by steam coils when the current 
is passed. The gases rise through the apparatus and pass into a condenser g. 
Every fifteen minutes or so the current is reversed so that alternately the pulp in 
either boiler is subjected to the action of NaOH and then to the action of Cl and 
HCIO. This process is becoming increasingly popular. (See the French Patent, 
326,313, and the Amencan Patent, 773,941 ) 



According to Buhler’S 
Process (German Patent, 
94,467) cellulose is also pre- 
pared from wood by treating 
it with tar oils containing 
phenols at a temperature over 
150“ C. 

Bleaching Pulp ob- 
tained bv the above 
described Alkaline or 
Sulphate Processes. — 

Bleaching powder is usually 
employed, although Na and 
magnesium hypochlontes are 
sometimes used, and also, as 
m the Hermite process, an 
oxidising solution obtained by 
electrolysing a solution of 
MgCl2 or other chloride 

Pure Cellulose may be obtained 
by boiling cotton, flax, hemp, etc , 
with a solution of NaOH of about 
1-2 per cent strength, washing, e\ 
posing to the action of chlorine gas 


Fig 71. — Kellner’s Electrolytic Process for preparing 
Cellulose from Wood 

bonate h' ats and resinous products, 
produced as by-products during the halogen treatment, are extracted by means of alcohol and ether. 
The best filter papers are practically pure cellulose. They are treated with hydrofluoric acid to 
remove mineral matter and leave a minimum of ash. 


or bromine water at the ordinary 
temperature, and again boiling witn 
sodium hydrate, sulphate, or car- 


ThC Wood Cellulose obtained by the various processes above described 
consists of a soft mass of fine fibres (Fig 73), each fibre being made up of an 
elongated cell somewhat resembling that of a cotton fibre, but much shorter 
(3-5 mm. long against 20-70 mm. for cotton). 

Fig. 72 shows wood cellulose fibres — i and 2 representing cells magnified to 
different degrees, while 3 represents a section. It will be seen that the fibres are 
hollow, with pointed ends, and provided with a number of minute pores a 
running right through the cell walls. See 4, Fig. 72, for a section through a pore. 

Statistics. — In 1910 England imported ^50,000 tons of dry and 20,000 tons of wet chemical 
wood pulp, of total value ;^2, 340,000. Of this, no less than 299,000 tons came from Scandinavia. 

The united States imported m 1909, 157^000 tors (value |6, 600, 000), and in 1910, 234,000 
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tons (value $9,200,000). The export was 9,200 tons (value $449,000) 
in 1909, and 7,900 tons (value $360,000) in 1910. 

Wood-Cellulose Cloth and Yam.— Attempts have frequently 
been made to spin the cellulose pulp into cloth, out tlie fibres have 
always proved too short. The nrm Altdamm near Stettin, however, 
appears to have solved the problem by forcing the pulp through 
narrow gutters, and then converting the narrow flat ribbons thus 
produced by a rolling motion into spinnable fibres. Ro^jes, cloth, 
and even clothes have been thus made from paper pulp. The dry 
cloth is fairly strong, but the wet is very weak. 

The yarns are placed on the market under the names silvalin, 
xylolin, licella fabrics, etc., and form a cheap substitute for cotton 
and flaxen yarns. (See German Patents, 136,371, 142,678, 149,444, 

159,418, 167,490.) 

Hydrocellulosei C12H22O11, is manufactured on the 
large scale because it yields a gun-cotton more readily 
exploded by concussion than ordinary gun-cotton. The 
process is as follows : Pure cotton is immersed for three 
or four minutes in a solution of 3 parts of concentrated 
H2SO4 or HCl in 97 parts of water. The cotton is freed 
from adhering liquor, dried, heated at a temperature of 
io4'’*i 58“ F. in stoneware vessels for three to ten hours, 
washed, and again dried. 

Another process (German Patent, 123,122) treats 
cellulose with a small amount of KCIO3 and HCl, keeping 
the temperature at 6o“-7o'' C. It forms a white powder, 
not very sensitive to acids or alkalis, and so is used for making acid proof 
or alkali-proof articles. When the mixture is treated with S2CI2, and the product 

poured into water, a sulphur-hydrocellulose is produced 
(German Patent, 137,206), which can be used for vul- 
canising rubber, both the cellulose and sulphur combining 
with the rubber. 

Oxycellulose, C^HjpO^ or C^HgO^, is obtained by 
the action of mild oxidising agents on cellulose, e.g.^ 
by treating cotton with NaOH-Pdil. KMn04 solution 

solution^ or by boiling filter paper with two and 

a half times its weight of dil. HNOg (sp. gr., 1.3). 
Several kinds of oxycelluloses are known. They are 
used for obtaining a damask effect in the cotton 
industry. 

Hydrocellulose and oxycellulose both readily reduce 
Fehling^s solution, and are thus distinguish^ from 
Fig. 73. —Wood Cellulose normal cellulose. 

Fibres. 




Fig. 72. — Cellulose Cells 
(Wood Fibres)— (I) Fibre; 
(2) the same enlarged ; (3) 
section of 2 ; (4) section of 
w^all or cell through a pore ; 
a, a, pores. 
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IV.— PAPER-MAKING 
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The Materials used consist of linen rags, esparto grass, wood-pulp, 
mechanically powdered wood, etc. etc. The bulk of paper produced is made 
from wood and esparto. After the materials have been well boiled with soda 
or other cleansing chemical to free them from dirt and extraneous matter, the 
crude product is next transferred to a cutting or pulping engine called a “Hollander.’^ 
It consists of a cast-iron trough a, Fig. 74, about 10 ft. long, 4J ft. wide, and 2^ ft. 


deep, rounded at the ends. It is provided 
BB, of such a length as to have the trough c 



Hollander, Ground Plan. 



Hollander, Sectional View. 
(See albo Fig. 244, p. 628.) 
Fig. 74. 


Tth a partition called the fnidfeather 
uniform width round it. A Cylinder 
or roll c, furnished with a series of 
steel knives, rotates in one of the 
divisions formed by the midfeather ; 
the floor of the trough in this divi- 
sion is inclined in such a manner as 
to cause the pulp as it travels to pass 
under the roll. If the machine is to 
be used for cutting rags or similar 
material (not grass) a bedplate is 
placed beneath the roll ; this is 
fitted with a series of steel knives 
similar to those on the exterior of 
the roll. The distance between the 
knives of the roll and the bedplate 
is regulated by levelling screws, so 
that the material may be cut to any 
required degree of fineness. The 
drum washer h is covered with fine 
wire gauze or cloth, and allows water 
to run away (or enter) without any 
of the pulp fibres passing out with it. 

The object of the knives is not 
so much to shorten the fibres by 
cutting — as this would weaken the 
resulting paper — but to draw them 
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apart and separate them. The material is worked in the hollander until cut up 
into the necessary fine state of division, when it is known as ‘‘ Half-Stuff” 

The half-stuff is run from the hollander into a mixing engine called the 
“potcher” or “poacher,” where it is agitated with the necessary quantity of 
bleaching liquor, chloride of lime and dil HCl or H2SO4 being usually employed, 
although in recent years processes of electrolytic bleaching are coming into use 

From the bleaching apparatus the half-stuff is now run into a “beating engine ” 
This is similar to the hollander previously described, but the knives of this 
engine are more numerous, and revolve more rapidly. This machine achieves 
the purpose of washing the half-stuff free from bleaching material and acid, and 
reducing the half-stuff to a slightly finer state of division necessary to make the 
fibres “felt” (/.^., intertwine) well together on the shaking wire of the paper 
machine. It also serves as a mixing engine for loading, sizing, and colouring 
the paper pulp before actually making it into paper. 

Before sizing, the last traces of chlorine are removed by treating the pulp with 
“antichlor” For this purpose sodium thiosulphate is usually employed, which 
decomposes any bleaching powder still in the fibre, thus • — 

2Ca(OCl)2 + Na2S208 4- HjO = 2CaS04 + 2HCI + 2NaCL 
Bleaching Sodium Calcium Hydrochloric Sodium 

powder thiosulphate sulphate. acid chloride, 

solution 

Sodium sulphite is now largely used for the same purpose — 

Ca(OCl)2 4* 2Na2S08 = CaS04 4- Na2S04 4- 2NaCl. 

Bleaching Sodium Calcium Sodium Sodium 

powder sulphite sulphate sulphate. chloride 

solution 

Although three times as much of sodium sulphite is required to produce the same effect as a 
given amount of sodium thiosulphate, yet the sulphite is preferred by paper-makers, as no free 
acid IS formed, which would corrode the wire of the paper-making machine Hydrogen peroxide 
also produces excellent results, but is too costly The presence of bleaching powder in the stuff 
IS determined by testing with KI 4 starch solution The chlorine sets free iodine, which colours 
the starch blue Hence the addition of antichlor to the pulp is continued until the latter ceases to 
give a blue stain with KI + starch solution 

Sizin]^ — Unsized pulp, as it comes from the bleaching tank, is bibulous, and 
if made into a paper with the addition of a little starch as binding material, forms 
what is known as “ blotting paper ” Such paper is very weak Writing or printing 
paper must be “ sized ” so that they acquire a water and ink resisting quality 

Engine sizing (Rosm-alum-sizing) is used for writing and wrapping papers. 
When fosin — which is abietic acid, €4411^405, or its anhydnde — is heated with a 
solution of alkalies it rapidly dissolves, forming rosin soaps. 

^44B^84^5 "h Na2C03 3= f^44H8205 Nft2 "h CO2 4 H2O. 

100 parts of rosin require 15-18 parts of sodium carbonate to form a “neutral” 
rosinate. Sometimes starch solution is added The rosin soap is now added to 
the paper, 100 lbs paper requiring 3-4 lbs. of the original rosin Then after thorough 
mixing a solution of alum or aluminium sulphate is added, and this decomposes 
the sodium rosinate, the insoluble aluminium rosinate being precipitated thus : — 

3Nft2C44H2208 4 Al2(S04)8 3^^2504 4 Al2(C44H8205)s. 

' Sodium Aluminium Sodium Aluminium 

rosinate sulphate sulphate rosinate 

loo parts rosin should, theoretically, require 23 lbs. of alum — as a matter of fact, 
over three times as much is used. The aluminium rosinate precipitated in the 
paper pulp was supposed to be the sizing agent, which makes the paper non- 
absorbing of ink. C Wurster concludes that the effective sizing agepts are free 
rosin acids (since paper extracted with ether loses Us water-resisting properties with 
the removal of the free rosin acids), and the function of the excess of alum is to 
decompose the neutral rosinate of alumina with liberation of the free acid, thus ; — 

AlgR^ 4 2Al8(S04)8 + = 3R‘H, 4 3Al80{S04)a. 

Free rosin Baste sulphate 
acid of alumina. 
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R' stands for €4411^205, the radicle of abietic acid, C 44 H^ 2 ® 6 ^ 2 * 

Among auxiliary agents used in sizing may be mentioned starch, alumina, 
soap, and cellulose hydrates. The latter constitutes viscose sizing (see under 
Viscose), the viscose being added to the pulp, mixed, and decomposed by adding 
zinc or magnesium sulphate. The fibres thus become coated with a film of 

gelatinous cellulose, 




which exerts a powerful 
cementing action in making 
and drying. Such paper 
is very strong, but the 
process does not seem to 
have been adopted to any 
large extent. 

Silicate of Soda and 
Casein — the albuminoid 
substances contained in 
milk — are also sometimes 
used in sizing. Casein is 
coming more into use, being 
added to the pulp in the 
form of a strong solution, 
which is completely precipi- 
tated by alum; it imparts 
toughness and a good 
‘‘handle” to the finished 
paper. Sometimes the casein 
is mixed with sodium silicatei 

If the sizing takes placd 
after the conversion of the 
material into paper (surface 
sizing), animal size alone 
is used. 

Mineral Filling and 
Loading Agents.— It is 

usual to add to the pulp 
a quantity of a 'cheap 
mineral loading material 
to make the paper more 
suitable for the particular 
purpose to which it is ap- 
plied. Kaolin or china 
clay is the loading usually 
employed in making 
news, printing, and low- 
grade writing paper. The 
clay is added to the pulp 
after making into a cream 
with water. The addition 
of clay serves to fill up the 


pores of the paper, giving 

a smoother surface and increasing its absorbent power for printing ink, and also 
gives an imprpved surface in calendering. It also adds to the opacity of the paper. 

For the better qualities of writing papers the materials used are calcium sulphate 
(“ pearl hardening ”), barium sulphate, barium chloride, and ag^lite, a fibrous-like 

mini»ral IiVa 
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Starch is always applied to papers in the process of manufacture, for the same 
reason that it is used in laundries for preparing collars and cuffs, viz., to give it a 
fine polish and hardening effect in the subsequent glazing process, when the paper 
is passed through hot iron rolls. 

Colouring. — The bleached pulp has always a yellowish tint. This is removed 
by mixing in blue ultramarine, smalt, or similar correcting colour, a pure 
white-looking paper then resulting. 

The colouring of paper is either effected by grinding suitable pigments into the 
pulp or using suitable aniline colours for dyeing the pulp. 

Paper Machines. — The pulp is now ready for making into paper. The 
pulp, properly sized, loaded, and coloured, is discharged from the mixing 
engine, through strainers, into the paper making machine, usually known as the 

Fourdrinier. (See Fig. 75.) 

It consists of an endless wire-cloth from 32-50 ft. in length and almost any wadth 
up to 126 in., travelling at the rate of 100-300 ft. per minute. The wire-cloth is 
made of exceedingly fine wire, the meshes ranging from sixty threads upwards to 
the inch. The pulp, after it leaves the beating engine for conversion into paper, 
passes first into large cylindrical vessels known as ‘‘ stuff-che.sts,^’ containing rotating 
arms to keep the pulp and water intimately mixed. Thence it runs into straining 
machines, and thence into a vat provided with a horizontal agitator ; from the vat 
it flows on to the endless wire-cloth of the paper-machine. The wire-cloth is 



Fig. 76. — Dandy- Roll. 


• 

supported by a series of brass tube rolls, carried upon brass bearings, and motion 
is given to it by the rotating couch-roll at the end. When it is required to produce 
a design or name, called a water-mark^ upon the paper, this is done by means of 
a roll called the dandy-roli, which consists of a skeleton roll covered with wire- 
cloth, upon which the design is worked by means of very fine wire. At the extreme 
end of the wire-cloth, and inside the wire, is the under couch roil, from which 
the wire receives its motion. Above this is the upper couch-roll ; both rolls are 
covered with felt, the upper roll resting upon the lower one. The wire-cloth with 
the web of paper upon it passes between the rolls, receiving gentle pressure, by 
means of which the paper becomes deprived of much w^ater, rendering the paper 
compact. Here the web of paper leaves the wire-cloth, and passes on to a continu- 
ously revolving and endless web of woollen felt, called the “wet felt,” about 20 ft. 
long and carried on wooden rollers. The paper then passes to the first press-rolls, 
which deprives it of a further quantity of water; the surface of the paper is then 
reversed in the second press-rolls, so that both sides of the paper are brought into 
the same condition. From the press-rolls the paper passes to the drying cylinders, 
which are heated by steam. The paper slowly passing over their surface is dried 
and brought into a proper condition for passing between the smoothing-rolls, also 
heated by steam, which give the paper a fine smooth surface. The paper then 
passes over another series of drying cylinders, where it is perfectly dried. The 
paper now passes through the calender rolls, hot polished rolls, where it receives a 
fine glaze ; finally it is wound on to the reels at the extreme end of the machinery. 
The paper is then cut by special machinery into sheets of any required dimensions. 

The strength of paper is largely determined by the length of the fibres — the 
longer the fibres the stronger the paper. 

16 
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Wood cellolose u now one of the most important materials for paper-making. Cheap printing 
papers contain per cent of mechanical wood pulp The better qualities of writing paper 
consist of imlped linen rags. The best and most permanent sorts of paper — such as employe for 
1^^ documents — are made of pure linen or hemp fiWs. 

Parchment Paper, which is extensively used for covering jars and pots for 
pickles and jams, and for binding books, is made by dipping white unsized paper 
for a few seconds into concentrated sulphuric acid and washing free from acid with 
dilute ammonia. The cellulose has been turned by this treatment into a hydro- 
cellulose, and IS impervious to grease, water, etc. Coloured parchment paper is 
used as a leather substitute. 

The conversion of cellulose into gelatinous hydrocellulose can also be effected 
by the wet-milling processes employed by the paper-maker. Thus a grease-proof ^ 
tmtiaHon parchment paper is obtained by pressing, crushing, and rubbing the fibres 
for a long time in the presence of water, wood sulphite cellulose being usually ground 
up in a special Hollander provided with blunt knives Ultimately the cellulose 
absorbs water and a slimy mass is obtained, which makes the translucent paper so 
largely used as a packing for butter, sausages, and other provisions, since it is 
impervious to fat. This paper has no loading or sizing material, with the exception 
of a little starch, and is strongly calendered. If such paper is warmed over the 
point of a small candle flame tiny bubbles appear — due to steam which cannot 
escape through the water-tight surface of the paper. This is used as a test for its 
fat-proof quality 

“ Cellulith is obtained by carrying the mechanical hydration to its fullest 
extent The cellulose is ground with water for 40-150 hours, when the fibrous 
structure is completely broken down, with the production of an amorphous 
cellulose jelly. This is boiled for two hours to expel air, and then hardens on 
drying to a product of the consistence of bone This mass can be mechanically 
worked and polished like horn, bone, or ebonite, and is used as a binding-agent 
for carborundum or emery wheels, and as a packing-material for making tight the 
covers of autoclaves, etc. It withstands the action of alcohol, ether, petroleum, 
fats, and oils. 

Waterproof Papers are usually made by passing paper through a cellulose 
solvent, such as copper hydroxide dissolved in ammonia (cuprammonium). The 
fibres are cemented together by the solvent action of the cuprammonium, and 
when dried acquire a varnish-like surface A strong solution of zinc chloride acts 
m a similar way. Sheets of paper treated with concentrated zinc chloride solution 
are placed one on the other and pressed or rolled by hot rolls into thick 
homogeneous solid plates resembling thick sole-leather. Paper treated in this 
way is known as “ vulcanised fibre ” and is made pliable by soaking m glycerin. 
It is used as a water-tight isolating and packing material, for pumps, etc. etc 
Such blocks may be bored, turned, polished, and coloured. (See Marshall, CK Z, 
1908, Rep S, 544 Also Piest, “Die Zellulose,” Stuttgart, 1910.) 

Papier-Machd is made of paper pulp and binding materials, the mass being 
moulded. Some sorts are made by cementing together sheets of paper. A flexible, 
impenetrable, and acid-proof composition is obtained by moulding a pulp made of 
15 per cent rags and 85 per cent, cellulose, drying by hot air, steeping in solutions 
of resin oils, drying, and again steeping. 

Cardt>oard may be made like paper, by pouring the pulp on to wire frames 
until It is thick enough. The product is weak. The better sorts are made by 
pressing moist, quite freshly-made sheets of paper one on the other. They adhere 
under pressure, and form a solid mass called “couched pasteboard.” Carton 
pasteboard is made by pasting finished and dried leaves of paper one over another 
till the proper thickness is attained. Sometimes tar and crushed stones^ asphalt etc.. 
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are mixed into the paper pulp for making roofing or tar pasteboard- Carton 
Pierre for roofing is made this way. 

Testing Paper. — ^The mechanical tests for paper (strength, etc ) are usually carried out with 
special apparatus, which are described in Allen’s “Commercial Organic Analysis,” vol 1 p, 467. 

The Ash is determined by drying 1-2 g to constancy at ioo®*i05* C , and igniting m a platmum 
(or porcelain) crucible until the weight is constant If the paper contains lead compounds, 
this will attack the platmum, and the determination must be carried out in a porcelain crucible 
A qualitative analysis of the ash reveals the mmeral loading-agents used. 

The presence of Mec h a n ical Wood is shown by moistening with ( i) a solution of phloroglucinol 
acidified with HCl, which gives a purple colour with wood ; or (2) aniline sulphate solution, which 
gives a yellow colour with wood. 

The Sizing is tested by LeonhardPs method the paper is moistened with one drop of a 
I 5 per cent, ferric chlonde solution for as many seconds as the weight of the paper in grams per 
square metre Then the paper is dried with blotting-paper, and the back is painted with a i per cent, 
tannin solution With well-sized papers no coloration should take place, Imdly sized papers colour 
almost immediately, moderately sized in about sixty seconds Rosm in the size is detected by boiling 
with absolute alconol-|-a little acetic acid, and a milkmess is produced on pouring into water, or by 
extracting paper with ether and evaporating, when a layer of rosin is left. 

Animal Size (glue, gelatine) is detected by boiling the paper (10 g ) with a little water, filtering, 
evaporating to small bulk, and adding tannin solution. A greyish precipitate, not turned blue by 
I-h KI solution, shows animal size Starch also gives a precipitate with tannin, but this is turned 
blue by the iodine solution 

The fibrous constituents of paper are usually determined by a microscopic examination; the 
application of certain staining chemicals also helps to differentiate between them. The following 
table shows this — 


Fibres 

Iodine Solution 

Zinc Chlonde -f 
lodine Solution 

Magnesium Chloride 
■f Iodine Solution 

Mechanical wood pulp, jute, straw 
(partially boiled), unbleached 
manill^ 

Yellow 

Yellow, 

Yellow 

Cotton, linen, hemp 

Brown. 

Claret 

Reddish brown 

Esparto, stra v, bamboo 

Grey or greyish 
brown 

Blue to violet 

Bluish violet 

Wood cellulose • . . . 

Colourless. 

Blue or violet j 

Brownish or red 

Manilla hemp 

Yellowish 
brown or grey 

Yellow. 

1 

Yellow. 


Statistics — 548,000 tons of paper, of value ;f6,4 10,000, were imported into the United 
Kingdom in 1910 The export was 144,000 tons, of value ;^3, 140,000. The composition of the 
paper-making materials imported in 1910 is shown by the following figures — 

Paper-makinp Materials Imported into the United Kingdom in 1910 



Tons 

Value. 

I jnen and cotton rags 

Esparto and other vegetable fibres - 
Chemical wood pulp .... 
Mechanical wood pulp - ... 

Other materials - • ... 

18,500 

193.000 
35»»ooo 

488.000 
14,000 

;^ 20 I ,000 

666,000 

2.837.000 

1.225.000 
102,000 
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The United States in 1910 imported paper and paper manufactures to the value of $3f390,ooa 
The following figures give the exports : — 



1906 

1910 

Books, maps, printed matter 
Paperhangings 

Playing cards 

Pnnting paper 

Writing paper 

All others - 

$5,839,000 

311.000 

258.000 

3.667.000 
(138,856,000 lbs ) 

$976,000 

4.324.000 

$7,089,000 

297.000 

222.000 

2.767.000 
(02,738,000 lbs ) 
$1,267,000 

4.442.000 


The paper-making materials imported into the United States is given by the following figures - 


I 


1910 


Value in 1910 












V — MERCERISATION 

LITERATURI- 

”K,dS”’^3 * l»«» ■ »> !■. ■ --I «. I hj n, ey.r C,.: P„„, 

G\RD»iER — DieM c ti t n irBaumwIle Berlin 1808 

c^e Technolo,. 

Mtrc6Fi$fitioii js effected in two ways — 

'''HCS Si® ifl €'i5rT® 

acquire 1 beiutiful s.lk lA lu«re X"n t4""iusucto<k by wfsW 

. The cotton ,s so.ked m ^ solution of caustic soda ^quellil'^et^uged 
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to get rid of excess of moisture, stretched a little beyond its original length, and 
washed while still in a state of tension to remove the NaOH. 

Mather Sc Platt’s apparatus for mercerisation is shown in the illustration (Fig. 77). The cotton 
fabric A first passes into the caustic soda tank B in the foreground, where it is twice soaked and twice 
squeezed dry by rollers placed inside ; the ^oods then pass into the tension frame c, where it is 
stretched the proper amount, and afterwards in the second part of the apparatus p the caustic soda 
is removed by washing with warm water issuing from a central perforated pipe laid above the cloth, 
the wash water running away being caught ana evaporated so as to regain the soda. On issuing 
from the tension frames the material passes in order through a washing-tank E, squeezing-rollers, 
an acid-tank, squeezing-rollers, and a couple of massive rollers F where it is strongly compressed ; 
the cloth is then laid in folds as it issues from the machine. A section of Sir James Farmer’s Mer- 
cerising Range is also shown in Fig. 78. 

The strength of the cotton is increased by mercerisation 68 per cent, if 
unstretched, and 35 per cent, if stretched (Buntrock, Z Angezv. CA., 1898, 982). 


B c D E 

Perforated Pipe \ 



The silky finish is especially marked when long-fibred sorts of cotton are 
employed, and is intensified by subjecting the mercerised material to a special 
calendering-process. Beautiful crdpon effects are obtained by locally mercerising 
stretched cloth — the NaOH being prevented from spreading into neighbouring 
parts of the cloth by first printing the parts with gummy material ; the caustic soda 
is then only able to mercerise those portions of the cloth not covered with gummy 
material. This process has now attained great industrial importance. 

As far as the chemistry of the process is concerned it is thought that cellulose when treated with 
the NaOH forms the compound (CgHioOglgNa^O, which on washing decomposes into the cellulose 
hydrate (CeHio05)2.H20. 

Tests. — To distinguish between mercerised and non-mercerised cotton a microscopic examination 
is necessary. Lange advises treating the sample with a cold saturated solution of ZnCl2+KI + I 
30 g. ZnCl2-|-5 g* Kl-f I g. I in 24 c.c, of water). Such a solution gives a blue colour to both 
mercerised and non-mercerised cotton. On rinsing with cold water the colour persists with mercerised 
cotton^ and disappears with non-mercerised. If the cotton is coloured it must be bleached before 
applying the test. 
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VI.— COLLODION 

Collodion is a weakly nitrated cellulose, usually regarded as a dinitro 
cellulose, C0Hg(NO2)2O5,* containing lo-ii per cent N, and easily soluble in a 
mixture of alcohol and ether (2:1). Several such dinitro-celluloses exist, t some 
soluble and some insoluble, and it is usual to distinguish between those intended 
for the manufacture of blasting -gelatine and nitroglycerin powder and those 
for making celluloid and for artificial silk. Usually the cotton wool is purified 
by treating with soda (wood cellulose requires such energetic purification that 
It is not used for the manufacture of nitro bodies), and then i part of cotton 
IS nitrated with 20 parts H2SO4 + 9 parts KNOg The cotton wool is left in 
the acid mixture until a sample, when withdrawn and crushed, will dissolve 
in a mixture of alcohol and ether (2 • i). The temperature dunng nitration must 
remain low. The collodion wool (dinitro-cellulose) is washed with cold water, then 
with boiling water, and is carefully stabilised, as described under Gun-cotton (see 
Explosives, p 624). It IS sometimes stabilised by heating when wet with dry 
superheated steam. The solution in alcohol-ether is also known as Collodion. It 
dries to a colourless elastic skin Collodion is principally used in photography and 
medicine, for varnishes, films, and for impregnating incandescent mantles 

England imported 87 gals m 1910, value The United States in 1910 imported 84,500 lbs 
(value 1335,900) 


* On Eder’s tormula, Ci2Hie(N02)40io (tetranitrate), and on Veielle’s, (octo 

nitrate) ; Veielle’s more closely represents the facts, 
t See p. 628. 
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VII.— CELLULOID, XYLONITE, Etc. 

LITERATURE 

Worden. — “Nitro-cellulose Industry.” 2 vols London, 1911. 

Masselon, Roberts, Cillard —“Lc Celluloid.” Pans, 191a 

D. Ertel. — “Die Celluloid Industrie ” 1909 

PiEST — “ Die Zellulose ” Stuttgart, 1910 

F Bockm ANN —“Celluloid ” London, 1907. 

Schmidt — “ Papiermach^ und Celluloid ” Leipzig, 1907 

ANDfis — “Celluloid” Vienna, 1907 

Bersch — “Cellulose, Celluloid and Artificial Rubber ” London, 1904. 

S. Lehner — “ Die Imitationen ” Vienna and Leipzig, 1909. (Gives an account of the 
manufacture of imitations of tortoiseshell, coral, ivory, etc , from celluloid and 
similar bodies). 

Moniteur Sctentifiaue^ 1908, p 648. Article on “ Derives Plastiques de la Cellulose et de 
les composes ” 

See also under Celluloid Substitutes 

Celluloid consists of a low-nitrated cellulose, usually termed pyroxylin, and 
camphor, and was discovered by Alexander Parkes about i860, and by the brothers 
Hyatt of Newark in 1869 These substances, when pressed together and warmed, 
unite to form a transparent substance, which is not explosive and which possesses 
properties very different from the component bodies The nature of the union is 
unknown, but it is believed that a “ solid solution and not a definite compound is 
formed. Several processes exist for effecting the union, but they may be divided 
into two types — 

I The Dry Process — The well washed and dried pyroxylin is ground 
up as finely as possible under water in a Hollander (see Paper-making), 'the water 
is removed, and the mass is subjected to a very great pressure in a perforated vessel 
Next, the mass is mixed with 40-50 per cent of camphor, well kneaded and mixed 
in special machines and at the same time colouring matters and other products 
mixed in The mass is now subjected to very great hydraulic pressure, and at 
the same time heated by steam to about 130® C The nitrocellulose rapidly 
dissolves in the melted camphor, and celluloid is produced After remaining in 
the press for some hours the celluloid is dried in a vacuum over CaClg Hyatt’s 
original method is a modification of this 

2. The Wet Process. — In the alcohol and ether process of Magnus & Co , 
50 parts of pyroxylin are placed in stoneware vessels and 28 parts of camphor dis- 
solved in 100 volumes of ether and 5 volumes of alcohol are added, and the whole, 
together with a “ stabiliser ” or “ antacid,” such as urea, stirred up in the closed 
vessel (to prevent evaporation of the ether) The crude plastic stuff so obtained is 
rolled out into sheets, and after hardening is treated in a warm state in the hydraulic 
press The process is only suitable for the production of moderately thin sheets or 
bars of celluloid. The danger of explosion and fire through the use of ether vapour 
IS very considerable. Best uses methyl alcohol instead of ether for dissolving the 
camphor. 

Celluloid is a hom-like, semi-transparent, or even transparent, body. It is hard, 
very tough, and elastic Inferior qualities smell of camphor, the best sorts are 
odourless. It is insoluble in water, and when hot can be welded and moulded. 
At 125® C. It becomes plastic; at 140"* C-145*' C. it decomposes without explosion 
It is extremely inflammable, burning with a smoky flame, and emitting a ca mphor 
like smell Celluloid cannot be made to exolode bv heating, friotion. or a blow. 
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Since camphor is dear a large number of substances have been proposed in its 
place for making celluloid. Thus we may mention acetine, methyl naphthyl- 
ketone, dinaphthylketone, naphthalene, naphthalene acetate, nitro- 
naphthalene, halogen derivatives of the aromatic hydrocarbons, esters 
of phenol, cresol, naphthol, etc. etc. The use of the carbonates of the 
phenols, cresols, and naphthols is suggested in the German Patent, 139,589 , the use 
of borneol is suggested m the English Patent, 11,512, 1905 The English Patent, 
5,280, 1904, suggests the use of mixed ketones, while the Enghsh Patents, 17,948, 
1900, and 8,072, 1901, use the phenol ester of phosphoric acid. 

The great disadvantage of celluloid is its inflammability, and many methods 
have been proposed for diminishing this, such as the addition of mineral fillers, 
such as asbestos, magnesium chlonde, aluminium salts, etc Organic compounds 
of silicon have been recommended (English Patent, 10,320, 1910) as fillers It has 
also been proposed to use in place of the very inflammable nitrate other esters of 
cellulose See next Section 

Statistics — England imported celluloid ware to the value of ;^450,ooo in 1910 ; xylonite and 
celluloid ware to the value ot ,^167, 000 were exported. The Unit^ States exported celluloid to the 
value of 11,189,000 in 1910 ; $341,000 m 1906. 
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VIII.— CELLULOID SUBSTITUTES, ARTIFICIAL 
BONE. HORN, IVORY. AND SIMILAR 
PRODUCTS 

LITERATURE 

See ander works on Celluloid; also S. Lbhnbr, **Die Imitationen’’ (Vienna, 1909); J 
Hofbr, Die Fatnrikation kttnstlicher plastischen Massen ” (Vienna, 1908) ; R. ScherbR, 
“Casern** (London, 1905), also an article m the Montteur ScietUtfiqtUy 1909, vols. 
70-71, p 157, “Etat Actuel de l*Indastne des Mati^re Plastiques Artifiaelles ** For 
artificial Horn, Resins, and Shellacs see the Joui^nal of Industrial and Engtmsrtng 
Chimtstry^ voL 1. (X909), pp. 149, 545 , TVansacttons of the American Electro-Chemical 
Society, vol. xv. (1909), p. 597 See also Patent Specifications referred to in text below. 

{a) From Cellulose Acetate, etc, non-inflammable celluloid substi- 
tutes are made by mixing cellulose acetate, formate, or double esters, such as the 
sulphacetates and phosphacetates (the latter being more readily soluble in cheap 
solvents), with camphor or its substitutes The so-called “cellite” films for 
kmematographs are made in this way, and are only with difficulty inflammable 
Combs, toys, balls, etc, of this “cellite” are now manufactured and used as a 
substitute for the inflammable and even dangerous celluloid (See English Patents, 
Nos. 26,075, i 7,088, 190a, 1,441, 1910.) 

Horn-like bodies are obtained from cellulose acetate by heating with mono- or 
polyhydric phenols, chloral hydrate, thymol and chloroform, castor oil and CHCI3, 
or phenol alone under pressure (German Patents, 145,106, 151,918, 152,111, 
American Patents, 774,7x3 and 774,714; English Patent, 9,537, 1907) 

Cellulose Formate is used m English Patent, 2,511, 1907, and Compound 
Cellulose esters in English Patents, 27,102, 1909; 8,646, 1910, 29, 24^, 1910 
(See under Cellulose Esters for manufacture of cellulose acetate, etc ) 

(^) From Casein or Milk Curds (see Industrial Casein, p. 79). 

Galalith is the best known horn or celluloid-hke substance obtained by the 
action of formaldehyde on casein (from milk). The casein is dissolved in alkalies 
(such as caustic soda or aqueous ammonia), and the clarified solution is pre- 
cipitated with acids, filtered, pressed, and dried slowly during some weeks or 
months. The plates so obtained, when soaked in formaldehyde and dried, form a 
yellowish white translucent product, very tough like horn or ivory It may be 
coloured or marbled by adding dyes, soot, cork powder, etc , to the casein solution 
before precipitation, Galalith has a sp. gr. 1.31-1.35, is moderately hard (2 5 Mohr), 
IS a good electric insulator, can be cut and worked cold, and when warmed with 
water can be kneaded and moulded. It is practically non-inflammable It cannot 
be obtained perfectly transparent, nor in leaves thinner than 2 mm in thickness 
Galalith is protected by the German Patents, 115,681, 127,942, 141,309, and 
X 47 > 994 ' Analogous products are produced in various ways by Belz (English 
Patent, 14,^19, 1906), Desgeorge and Lebreil (English Patent, 23,789, 1906), 
Goldsmith (English Patent, 412, 1909), Kathe (English Patent, i7)953, ^ 9 <> 7 )> 
Schutze (13,601, i^9)« (See also English Patent, 21,750, 1910 ) 

A somewhat similar product is made by dissolving dried casein m diL NaOH 
solution, heating with sulphur, evaporating the clear liquid to a syrup, and adding 
water-glass or zmc and lead hydroxides, and, to increase the hardness, emery, san4 
cork dust, wood meal, etc. etc. The product is cast mto plates and dried See 
C^man Patents, 153,228, 163,8x8. and French Patents, 367,407. 



ARTIFICIAL BONE AND HORN 


Zii 


Celluloid-like bodies are obtained by uuxing nitrocellulose and casern; also by treating a 
compound of casern with a metallic oxide (German Patents, 138,783, 139,905) 

{c) Aldehyde-Phenol Condensation Products (Artificial Resins, Bone 
Substitutes, etc.)- — When certain aldehydes, such as formaldehyde and phenols, 
are boiled together, condensation occurs, and resinous bodies are formed, which 
can be used in the manufacture of varnishes, or plastic masses for imitating horn, 
ebonite, etc. 

A remarkable product called Bakelite, after its inventor, Baekeland, is manu- 
factured by warming together equal weights of phenol and formaldehyde, and a 
small amount of an alkaline condensing agent The mixture separates into two 
layers, the upper an aqueous solution, and the lower an intermediate condensation 
product called A If this intermediate product be heated above 100* C , a final 
condensation product called C is obtained in a porous, spongy state, which may 
be avoided by proceeding under a pressure of 50-100 lbs. per square inch The 
product is then a hard, solid mass called Bakelite Bakelite (sp gr 1.25) is 
very hard, not elastic, and an excellent insulator of heat and electricity. Its pnce 
IS lower than hard rubber, casein, celluloid, etc 

Wood, egy soft wood, may be soaked in the intermediate product A, and is 
then heated under pressure, whereby it becomes covered and impregnated with 
a brilliant coat of superior waxy varnish equal to the most expensive Japanese 
lacquer With this coated soft wood results are obtained in making furniture 
which cannot be achieved even with the most expensive hard woods. 

Cardboard, pulpboard, fibres, etc, when impregnated with A, on heating, 
produce a hard, polished material It can be used for coating metallic surfaces , 
for replacing amber in pipe-stems , for buttons, billiard balls, knife handles, etc , 
for compounding sawdust, wood pulp, emery, etc etc It is a very powerful 
cement, and can be used for making grindstones, bearings, etc. 

A large number of condensation products of phenols and formaldehyde are 
producible, some of which are hard bodies, fusible, soluble in the usual solvents, 
forming substitutes for natural resins like shellac, etc , while others are hard, 
infusible, and insoluble substances, serving as substitutes for ebonite, celluloid, etc 
Further tnformation of these interesting products is given in The Journal oj 
Industrial and Engineering Chemistry y vol 1 (1909), pp 149, 545, The Transactions 
of the American Electro-Chemical Society y vol xv (1909), p 597. (See also Patent 
Specifications (English), Nos. 1,921, 1,922, 2,122, and 21,566, ad 1908, and 
No 8,875, A.D 1905 ) 

The following notes on these interesting bodies wiU be useful In 1871 Bayer showed that 
phenols and aldehyde react Kleeberg in 1891, as the result of a violent action, obtained a hard 
irregular ma«s, insoluble and infusible, by allowing formaldehyde solution to act on phenol in the 
presence of HCl Smith in 1899 moderated the violence of the action by solvents such as methyl 
or amyl alcohol , he also used acetaldehyde and piraldehyde, and finally evaporated, when a 
product was obtained which could be sawn, cut, and polished Luft (1902) treats formaldehyde 
with phenol and acid in aqueous solution, and before the product has had time to harden he adds 
solvents such as glycerol, alcohol, or camphor. The product is similar to celluloid, but is less 
tough and flexible Blumen (1902) adds an oxy-acid such as tartaric, and boils, thus producing 
a shellac substitute, which behaves like a soluble fusible natural resin Fayolle in 1903 made a 
fusible ^ttapercha substitute by addmg a large amount of glycerol to the H2SO4 used for condensing 
the product Story (1908) added 3 parts of 40 per cent formaldehyde to 5 parts of 95 per cent 
cresol or carbolic aad, boiled eight to ten hours, concentrated, poured into moulds and dried below 
100® C. The product was infusible and insoluble Speyer ( 1897) condensed naphthol or polyphenols 
{e g , resoran or pyrogaUol) with excess of ammonia and formaldehyde, thus produang an anti- 
septic which slowly gives off formaldehyde In 1907 F Bayer & Co. produced a shellac subratute by 
using orthocresol. Grognot (1908) produced a shellac substitute in a similar manner, addmg 
glycerol, and when the action is over distilling off the solvent. Helm m 1907 produced synthetic 
resins by using amines or ammomum salts as condensing agents 

(rf) Horny substances (/.e., those containing keratine), such as claws, hoofs, horns, 
hair, etc., when cut up, dissolved in alkalis, precipitated by acids, pressed and treated 
with formaldehyde, form hard products like celluloid. (See German Patent, 

*34.3*4) 
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SuVERN. — ‘‘Die kiinstliche Seide.” 2 Aufl. Berlin, 1907, 

PiEST. — “ Die Zellulose.” Stuttgart, 1910. 

Dr Ichenhauser. — Dammer’s “Chemische Technologic der Neuzeit.” Bd. III., p. 27. 
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Several methods are now successfully worked for dissolving cellulose and 
squirting the solution through fine orifices, so as to form fine, silk-like threads. 
The founder of the industry was Chardonnet, who first produced “collodion silk.” 

(a) Collodion Silk — The Cellulose Nitrate Process. — Cellulose is 
treated with nitric acid, as in making gun-cotton, and thus converted into “ collodion 
wool,” a weakly nitrated cellulose, containing lo-ii per cent, of N, in the form of 
two nitro-groups, thus, Cf,H3(N 02)2*05. Wood cellulose cannot be used for making 
the nitrocellulose, since it does net yield a stable enough nitro-product. Cotton 
cellulose, boiled with soda and bleached with chloride of lime, is now lyniversally 
used The nitrocellulose is dissolved in about 6 parts of a mixture of alcohol and 

ether (2 : 3) so as to form a thick syrup, 
which is carefully filtered and run into a 
tinned steel tank, where it is subjected 
to a pressure of about 50 atmospheres, 
and thus forced out in the form of very 
fine threads through a number of very 
fine glass tubes (r, Fig. 79), having 
openings of only 0.08 mm. diameter. 
According to the wet process th^ 
threads are spun out (squirted) — eight 
to thirty-six single threads simultaneously 
— into water, where they solidify and are 
continuously drawn off and twisted into 
a stouter single thread by a roller at e, 
Fig. 79. In the diy process of 
spinning (ChardonnePs original process) 
the threads are forced out into a warm 
air chamber, where the alcohol and ether 
instantly evaporate, and the solid threads 
are drawn off and spun together (twisted) 
to form stouter threads, just as in the 
wet process. The alcohol and ether 

- vapours are condensed, and so the sol- 

Fig. 79.— Collodion Silk— Wet Process. vents are recovered. 
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Both the wet and dry processes of spinning have their own peculiar advantages and disadvantages. 
In the wet process (Lehner) a 10 per cent collodion solution is used, and the process of spinning 
is somewhat slow. In the dry process (Chardonnet) a 20 per cent collodion solution is used, and 
the process is rapid, but complex machinery is required to condense the vapours of alcohol and 
ether At the present time tne greater part of the artificial silk is obtainea by one or other of 
these processes. 

The threads so obtained are explosive and very inflammable. They are, 
therefore, passed through a reducing bath, which removes the nitro-groups and 
reconverts the substance into non-explosive cellulose I’o prevent explosion it 
IS extremely important that the threads should contain not less than a certain 
percentage of moisture until the denitration has been effected The reducing bath 
usually consists of a 10 percent solution of sodium sulphohydrate (HgS 4- NaOH 
solution) , sometimes calcium and magnesium sulphohydrates are also used. The 
nitrogen is reduced in a short time to o 3 per cent , and the substance is now 
practically pure cellulose, being scarcely more inflammable than cotton. The 
denitrating process lessens the strength of the fibres, but increases their brilliance. 
The silk IS well washed, bleached, washed, and dried 

The nitrocellulose process is a difficult and dangerous one The nitrated cellulose is explosive, 
while alcohol and ether are very inflammable substances, giving vapours which seriously injure the 
health of the workmen The chemicals used are expensive, and all the nitrogen used in the mtratmg 
process is lost again in the denitrating process, and, indeed, up to the piesent is not recoverable 
^e great advantages of the process are* (i) the tlireads do not easily break in the winding and 
spinning process, so that there is little waste , (2) the collodion solution will keep indefinitely 
In the other two processes to be described, the cellulose solutions are unstable and must be used 
soon after preparation One of the great defects of the process has been the weakness of the threads 
after denitrating Great improvements, however, have been effected in this direction The gun 
cotton product, however, is being slowly displaced by that prepared directly from cotton 

“Collodion silk” has been manufactured since X891 in Chardonnet’s large factory at Besan9on 
“ Lehner silk ” is a similar product manufactured in the Vereinigten Kunstseidefabriken in Frank- 
furt a M Enormous profits were made by some factories, and for a time the demand for the 
artificial brilliant silk was so great that its price actually rose for a time above that of real silk ’ 

(b) The Cuprammonium Process — ^This process depends upon the solubility 
of cellulose in a solution of copper hydroxide in ammonia. 

The most important patents protecting the manufacture are those of Pauly 
(German Patent, 98,642, 1897), Bronnert (German Patent, 109,996, 1899); 
Fremery and Urban (German Patent, 111,313, 1899) 

The cellulose is obtained from long-fibred cotton, purified by boiling with 
soda under 3 atmospheres pressure The aramoniacal solution of copper is 
obtained (German Patent, 115,989) by charging an iron cylinder with copper 
turnings and adding a 20 per cent ammonia solution and some NaOH solution 
(25® B 6 ), while cold compressed air is driven into the solution The temperature 
must not rise above 4® C The solution should ultimately contain 45 g. of copper 
per litre, when it will take up 8 per cent of cellulose The solution must be as free 
as possible from inorganic salts The percentage of cellulose dissolved increases 
with the percentage of copper present The prepared cellulose is then mixed with 
the cuprammonium solution in special mixing or kneading machines, all contact 
with the air (and escape of ammoniacal fumes) being avoided The solution is 
carefully filtered through fine metal cloth, so as to separate any undissolved 
fibres, and then forced through narrow orifices into a bath of sulphunc acid , the 
sulphuric acid removes the copper from the thread and gelatinises it , a 50 per cent, 
sulphunc acid is now used against a 10-20 per cent formerly employed, as stronger 
threads of a higher lustre are obtained with the stronger acid. The individual 
threads are then spun together into thicker threads, consisting usually of eighteen 
single threads 

In order to remove completely all the copper, the threads are boiled with dilute 
acetic acid, washed with hot water, and dried on the spools (and therefore under 
tension) in a stream of warm air. 

This variety of artificial silk is pure cellulose, and is sold under the names ** Glanzstoff,” ** Sinus 
Silk,” and ** Meteor Silk. 'V It is manufectured at Elberfeld (Vereinigte Glanzstofflabnken) 
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It is a strong product, possessing a very brilliant lustre, but with a somewhat feeble affinity 
for dyes. 

{c) The Viscose Process (see also Cellulose Solutions, p. 1 88).— Cross 
and Bevan (English Patent, 8,700, 1892) dissolve cellulose by treating it with 
a concentrated solution of caustic soda, and then with carbon disulphide, as 
described on p. 189. The cellulose unites to form a water-soluble xanthogenate, 
NaS — CS — 0 Ci2Hi90q, known as viscose, thus — 

ySNa 

CigHfloOio + NaOH + CSa = CS<; + HaO. 

OCxaHjaOa 

The solution is prepared in a kind of hollander, and is carefully filtered through 
porous cellulose plates, from which it passes directly to the final spinning-orifices 
These are situated in the bottom of a thick-walled, air-tight vessel, which is con- 
nected to an air-compression plant The spinning-onfices consist of conical glass 
tubes (sometimes provided with platinum jets) with exceedingly fine orifices 

The viscid solution is then spun into a solution of ammonium chloride which 
separates out the cellulose again, and gives the product known as “viscose silk” 
Recently the spinning has been done in dil. H2SO4 containing alkali sulphate or 
organic substances The threads must be washed free from sulphur by passing 
through a series of washing solutions The cellulose xanthogenate is unstable, 
bein^ rapidly decomposed by acids, more slowly by water or ammonium chloride 
solution, into cellulose and a sodium sulpho-carbonate The cheap wood-sulphite- 
cellulose can be used in this process , it appears to be the one most likely to 
supersede the others, since it yields a product equal or superior in strength and 
softness, and is cheaper and simpler than the Chardonnet or Pauly process For 
improvements see Steamy German Patent, 108,511, English Patent, 5,730, 1904, 
American Patent of Wattey No 816,404, 1906, (which displaces the dear ammonium 
chlonde solution for spinning into by sodium bisulphite solution) , German Patent, 
187,947, and A 296,0 16,663 

Eschalier (German Patent, 197,965) treats the fibres with formaldehyde, and 
states that they are thus rendered strong enough for making clothes 

{d) Silk from Cellulose Acetate — ^The artificial silk produceci by the 
three preceding methods consists of a modified form of cellulose, akin to mercerised 
cellulose, which absorbs more water from the air than normal cellulose, thus 
producing a cellulose hydrate Another variety of artificial silk is made, however, 
which differs from the preceding in being, not cellulose, but cellulose acetate The 
triacetate [CgH^(C2H302)8 OJq HgO is often used, but other acetates are employed 
as well. For preparation ana properties see under Cellulose Esters. 

‘ Cellulose acetate forms a horny mass, which dissolves in chloroform, glacial 
acetic acid, ethyl benzoate, and nitrobenzene, to form a thick, syrup-like solution, 
which may be squirted through holes into alcohol or ammonium chloride, so as 
to form fine, silk-like threads Such “acetate silk” is considerably stronger and 
harder than cellulose artificial silk, and is non inflammable, but has the disadvantage 
of being much dearer, 

^‘Acetate silk” is an even better non-conductor of electricity than rubber or 
natural silk. An important commercial application is the coating of very fine 
copper wire for electrical purposes. 

Formates of cellulose have also been proposed for making artificial silk (see 
p. 216). 

(e) Other Varieties of Artificial Silk 

Vandura or Gdatine Silk, a very beautiful product, made from gelatine and formaldehyde, 
and having about the same percentage of nitrogen as natural silk, is too weak to be of much 
practical use. (See German Patent, ^,225.) Gelatinous silks, made from gelatine from sea- weed, 
Irish moss, agar-agar, etc. etc , have been proposed. (German Patent, 148,587.) 

Caaeia Silk — Casein dissolved m alkali or smc chlonde solutum is forced into acid or other 
precipitating and hardening bath. (See German Patents, 170,051, Supp., 178,985, 182,574.) These 
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products up to the time of writing have attained httle importance, but may ultimately do so when 
improved. 

(J) Coarse Artificial Fibres for Various Purposes 

Artificial Hair has long been made by Lekner by the collodion process (which see, p 212), by 
spinning out simultaneously several fine threads in such a manner that they meet while still in a 
soft condition, and then coalesce to a single thread of suitable dimensions (See German Patent, 
125,309.) The product is known as Meteor Yam and Sinus Yarn, etc , used for cording in 
millinery (Stout single threads souirted out from a large onfice of the proper dimensions are too 
weak to be of much use ) Instead of coalescing a number of fine threads, the German Patents, 
129,420, 181,784, 186,766, and American Patent, 856,857, pass cellulose threads dirough solvents, 
which soften and partially dissolve the individual fibres of the thread, making them cohere together 
to a single homogeneous thick fibre, with a pohshed and smooth surface The thread is then 
hardened. 

If the artificial hair is to be used for making wigs, the lustre must be removed by various 
processes (German Patents, 129,420 and 137,461 ) 

Artificial Hemp Bast may be prepared by mixing in zinc white, barium sulphate, chalk, etc,, 
into a collodion, viscose, or other solution of cellulose, and then steeping fibres in the solution. 
(German Patent, 184,510 ) 

Properties of Artificial Silk. — Artificial silk possesses a more brilliant lustre 
than natural silk, and dyes well with cotton dyes, collodion silk even directly 
taking basic dyes Artificial silk, however, has a much harsher feel than that of 
real silk , this is in consequence of the greater thickness of the threads, thus while 
real silk has a thickness of only o oi-o 02 mm , the finest threads of artificial 
silk barely reach o 03 mm The reason of this is that up to the present it has 
been found impossible to make the openings m the glass spinning-tubes of a smaller 
diameter than o 08 mm., although no doubt this difficulty will be overcome in time. 

A more serious defect, however, is the want of strength, especially in a wet 
condition In a dry condition the strength equals that of heavily weighted natural 
silk The strength has been increased considerably of recent years, a toughening 
effect being produced by soaking in formaldehyde and similar chemicals {e see 
German Patents, 197,965, A 296, C 16,663) It has been found that the finer 
the fibres the stronger the woven cloth, and efforts have, especially in recent years, 
been macle to spin finer and finer threads , on these lines the strength of natural 
silk may ultimately be attained or even exceeded 

Uses of Artificial Silk. — Artificial silk is used m rapidly increasing quantities 
-for glittering braids and trimmings, and for relief on cotton cloths Indeed for 
these purposes it is far better than real silk, since it gives excessive brightness to 
the fabric. It is also used in the form of insertions for ladies’ blouses, lies, scarfs, 
;and wearing apparel generally. Furniture stuffs and carpets are now beginning 
to be manufactured from it. Such artificial silk cloth is much more readily freed 
from dust than real silk cloth Artificial silk, however, being much weaker than 
real silk (at least most of the kinds in use up to the present), is unsuitable for 
using in a pure state for making cloth. It is invariably used with other strong 
threads as backing 

This explains why the manufacture ol artificial silk has not to any extent affected the volume of 
the trade in real silk, since it is used for a different purpose About 25,000 tons of real silk arc 
annually produced, While the output of artificial silk amounts from 5,000-7,000 tons yearly (1910) 
The English output was 270 tons in 1909. i kg of artificial silk costs 15s. to 20s. ; of real silk, 20s. 
to 40s. The mtroduction of artificial silk, however, in large amounts has had the effect of consider- 
ably lowenng the pnees paid for real silk, and should an artifiaal silk be ultimately produced having 
the mechanical strength and wearing properties of real silk, it may in time entirely displace it. 

The English export of artificial silk amounted to 196,000 in 1910 The import amounted 
to jfsfijOOO The United States imported 1,542,000 lbs (value $2,062,000) in 1910. 

Artificial silk is also used for making artificial horse hair, hair for wigs, etc. 
Also for making incandescent hghting mantles, which are said to be very elastic 
and durable, with a longer and greater incandescent power than other kinds. 
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Tests of Artificial Silk Yams. — Natural silk contains 17 per cent of nitrogen. Hie various 
artificial silks contain from ao7-o 16 per cent. N. 

Diphenjlasnine Sulphate gives the following reactions * — 

Silk ... - ... Brown coloration. 

Tnssah silk ... - . „ intense. 

Chardonnet and Lehner (nitrocellulose) - - . • Intense blue. 

Pauly, Viscose, or Yarmouth silks ... - No reaction 

A good method of distmguishing artificial silk from real silk or mercerised cotton is to heat the 
cloth to be tested for ten minutes to 200® C. Artificial silk is carbonised (though intact as regards 
structure) and falls to pieces on touchmg or rubbing, while real silk, cotton, or wool are hardly 
affected. Hence rubbing the heated and cooled cloth removes the artificial silk as dust, and by 
comparison with a piece of the original cloth the number of threads of artificial silk can be easily 
counted Under the polarisation microscope dyed natural silk does not appear dichroic, while dyed 
artificial silks (of cellulose) are strongly dichroic if dyed with methylene olue, congo-red, or benzo- 
azunne (Herzog). 

Cellulose Esters 

Literature W. Massot. — **Faser-u Spinnstoffe.” Z Angew CVim , 1912, 567. 

Cellulose Acetates — Several of these appear to exist, but according to 
Ost {Zett f Angew, Chem,^ 1906, S 993) even the highly acetylated products, the 
so-called “ Tetra-acetates,” are really Tnacetylcelluloses, [CgH7(C2H30)805]n 1120 
(disputed). 

Lederer produces the triacetate by first treating cellulose with dilute acids, 
thereby converting it into hydrocellulose, and then acetylating with acetic anhydride 
and a very little concentrated H2SO4 or glacial acetic acid, the process being 
carried out in the cold. (See English Patents, 11,749, 1900, 7,088 and 11,164, 
1902 , 734, 1903; 7,346 and 19,107, 1906 ; 3,103, 1907 ) Another process directly 
acetylates the cellulose, which at the same time undergoes partial hydrolysis (Ost) 

Cellulose acetate is also made on the industrial scale from cellulose regenerated 
from the sulpho-carbonate or viscose Henckel-Donnersmonk^s process consists in 
heating molecular proportions of cellulose and magnesium acetate with acetyl 
chloride, anhydrous acetic acid, and mtro-benzene 

It is soluble in chloroform, ethyl-benzoate, glacial acetic acid, and nitrc^benzene, 
and is insoluble in methyl or ethyl alcohol, ethyl or amyl acetate, acetone, and 
ether. 

It forms films of great transparency, is a better electric insulator than rubber 
or silk, and is non-inflammable. An important commercial application is the 
manufacture of ‘^acetate” silk for coating very fine copper wire for electrical 
purposes (p. 214) Its pnee in 1910 was about thnee that of nitrocellulose. 

Non-inflammable celluloid substitutes are made by mixing the less highly 
acetylated cellulose acetates with camphor. The so-called “Ccllitc” films for 
kinematographs are made in this way, and are only with difficulty inflammable 
Combs, toys, balls, etc, of this “cellite” are now manufactured and used as 
a substitute for the highly inflammable and dangerous celluloid See under 
Celluloid 

Cellulose Formates are made by acting on the cellulose with first sulphuric 
acid and then formic acid A mixture of formates ensues which can be used for 
making artificial silk. (See English Patent, 1 7,036, 1909 ) For an account of other 
cellulose esters see Piest, “Die Zellulose,” Stuttgart, 1910. 

For esters of HNO5 see Gun>cotton (pp. 624-629) and Collodion, p. 207. 
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X.— -NITRO-CELLULOSE LACQUERS, VARNISHES, 

DOPES 

By Geoffrey Martin, Ph.D., DSc. 

LITERATURE 

S. T. Worden. — Nitro-Cellulose Industry New York, 1911. 

Within recent years a large class of brilliant varnishes and enamels have been 
placed on the market, having as a basis soluble nitro cellulose (or pyroxylin). 

The mam originators were John H. Stevens and O. P. Amend (See United States Patents, 
269,340, 269,341, 269,342. 269,343> *69,3441 and 269,345 See Wilson and Storey, English 
Patent, 6,051, 1884; also United States Patents, 371,021, 372,100, and re-issue, 10,789, 1887 ) 

The first modern lacquer formula consisted of soluble nitro>celiulose 
(pyroxylin), 100 parts , amyl alcohol and amyl acetate, each 400 parts. Iso-propyl 
and iso-butyl and alcohols are also good solvents Propyl and butyl acetates, and 
also amyl acetates, are the mam sblvents now employed 

A typical modern lacquer and corresponding diluting medium or thinner is ; — 


Amyl acetate 


Lacquer 

45 0* 

Thinner, 

40 oz 

Pyroxylin 

- 

5 5 

Refined fusel oil 

- 

7 >> 

6 „ 

Wood alcohol (97 per cent ) - 

- 

24 

35 M 

Benzme (boiling point, 62*’) • 

- 

32 

20 „ 

.1 ( M 70 

• 

• 20 ,, 

27 M 


Hales’ formula was amyl acetate, 4 gals ; benzine, 4 gals. ; methyl alcohol, 2 gals , and pyroxylin 
(soluble nitro-cellulose), 2 5 lbs 

Field’s formula for a pyroxylin resin lacquer was . — 

Amyl acetate ...... 50 gals 

Spirits of turpentine - - " - *5 „ 

Methyl alcohol - - - - 25 ,, 

Pyroxylin and shellac • - - - *- 37 5 Ihs. 

Crane’s acetone oil lacquers consisted of — 

Volatile ketones (acetone oil, B P , 100- 140 centigrades) - 50 gals. 

Wood alcohol - - - • • 50 ,, 

Pyroxylin .... - . 200 lbs. 

He also*used the following formula — 

Petroleum naphtha, or benzol • - - - 20 gals 

Volatile ketones 20-50 gals. 

Wood alcohol or acetone - - - - - 30 60 ,, 

Pyroxylin ... - . . 200 lbs 

The pyroxylin was dissolved m the acetone oil, and the other ingredients were added in any 
convenient order 

Femer’s formula for a thin and heavy lacquer consisted of — 

Heavy Thin 

Nitro-cellulose .... joo pts. 100 pts. 

Amyl acetate . , . . 150 ,, 400 ,, 

Amyl alcohol - - - - 150 ,, 400 „ 

Valenta uses 150 parts gun cotton in 1,000 parts acetone, and 2,000 parts each of amyl acetate 
and benzine. The liquid is clarified by decantation. 

These lacquers may be rendered fire-proof by the addition of calcium chloride, 
tnphenyl phosphate, and similar substances. 

Dip Lacquers are colourless solutions of nitro-cellulose, containing six or 
seven ounces of solid matter to the gallon. Articles dipped in them become 
covered with an invisible coating of nitro-cellulose, which protects them from 
atmospheric oxidation. 

Pftoxfim Impr^raation Paper. — Printed matter, such as engravings, are often immersed in 
pyroxylin solution. They thereby become covered with a transparent varnish which preserves the 
print 

Bronzina Lacquers. — ^These consist of a nitro-cellulose solution which is 
used as a medium for the application of aluminium and bronze powder. Prepara- 
tions are on the market under the names of bronzine, silverine, gold paint, etc.; 
large quantities are used in the picture fiame industry. Most of these liquors 
contain amyl acetat^ and about 2.75 oz. of nitro-cellulose per gallon. Some- 
times resins amounting to oz. per gallon are added to the solution. Also 
coptin such as kauri or mamlla are added. A well-known liquid consists of s per 

t? 
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cent, celluloid, 45 per cent, amyl acetate, and 50 per cent methylated spirit, 
to which 5 per cent, camphor oil has been added. The bronzing liquors are 
stirred into this. 

Coloured lacquers can be made by stirring in aniline colours to the 
solvent Such colours are auramine, chrysophenine, naphthol yellow, aurine, 
fuchsine, saffranine, vesuvin, magdala red, methylene blue, cyanin, Victoria blue, 
Bismarck brown, and for black spirits soluble nigrosines. Metallic colours are 
obtained by stirring in bronzing powders White enamels are made by stirring 
in zinc oxide, carbonate, or sulphide into a solution of pyroxylin in amyl acetate, 
wood alcohol, camphor, fusel oil, and benzine. 

Heat-Resisting Bronzing Liquids, — Steam pipes, radiators, and similar 
metal surfaces cannot be covered with a purely pyroxylin coating, as it soon peels 
off. Consequently for such surfaces a boiled linseed aad other dry oils are added 
in the proportion of three to five ounces per gallon. Also resins are added — these 
are slow-drying preparations. The following are typical formulae : — 


I. 2 I. 2 

Amyl acetate - - 40-50 35-45 Boiled linseed oil - - 46 

Fusel oil - - -4*5 20-30 Pyroxylin - - - 2.75 3 o 

Wood alcohol, 97 per cent. 35-50 15-25 Mastic or Canada balsam -15 
Benzine, 62 per cent. - 20 25 15 20 Copal - - - ... 4 

,, 71* - - 15*25 15*25 Aluminium powder or bronze xo 


Kerosene-soluble bronzing liquors consist of 27 per cent, resin dissolved in 73 per cent, 
benzine (boiling point, 62®), with aluminium powder stirred in 

Water-soluble bronzing liquids are on the market, containing 27.5 per cent sodium silicate. 
The aluminium powder and silicate are stirred together immediately before use Such liquids are 
used for silvering cheap toys, picture frames, and interior plaster work of buildings 

Methods of Using Nitro-Cellulose — All articles previous to the coating 
are well cleaned from dirt and grease, as for electroplating The objects are then 
dipped into the lacquer which is contained in a tank. The articles are then drained 
at ordinary temperatures, and then are hung up in a drying room, preferably steam 
heated to about 45 degrees. The lacquer smooths itself in drying, and takes up its 
own drip. If upon drying the drip is not completely taken up, the lacquer is too 
heavy, and requires thinning. 

Preparation of Gilded Lace — ^Paly's process consists m first coatmg the 
lace with a collodion solution, then while moist, sprinkling the bronze over the 
surface. The excess of liquor is removed by a blower 

Imitation Mother-of-Pearl Films —Hahn (English Patent, 13,139, 1894) 
dissolves I part nitro-cellulose in 78 parts 90 per cent, alcohol and 21 parts 
ether, and adds 5-10 parts of sodium silicate. This solution, when placed on 
wood or paper and allowed to evaporate slowly at ordinary temperature, gives a 
sheen and lustre like mother-of-pearl, caused by the silicate particles cracking 
up into a multitude of fine fissures 

Modifications of the process produce different colour effects. For example, potassium silicate 
and the addition of bronzing powders cause the appearance of fine colours. When fish scales or 
the dust on the win^s of butterflies arc dusted on the surface, very beautiful effects arc stated 
to be produced Finely powdered mica (made by mixing powdered mica with a 4 per cent, 
cellulose nitrate solution) produces a beautiful coloured bronze 

Imitation Gold Leaf — Gregory (United States Patent, 826,781, 1906) 
dissolves a quarter pound of soluble nitro-cellulose in one gallon amyl acetate, and 
mixes with 25 per cent bronze After thorough mixing, the preparation is poured 
over a liquid heavier than the bronzing solution, such as water, carbon tetra- 
chloride, or glycerine. The amyl acetate evaporates, and a thin metallic leaf 
IS left on the surface of the water. 

Silver leaf can be produced by substituting aluminium powder for the bronze. 

This imitation gold leaf is stated to be sold as Oriental Tissue,” and ** Japanese 
Leaf.” It is stated that the above formula can be replaced by the cheaper solvent, 
amyl acetate, 45 per cent. , refined fusel oil, 8 per cent. , and benzine (boiling point, 
62’), 47 per cent. 

KUrtz (French Patent, 398,028, 1908) obtains gold leaf by mixing together nitro-cellulose, 26.25 
parts; gold bronze, 20 parts; linseed oil, 3 parts; amyl acetate, 500 parts; benzme, 360 parts; ana 
methyl alcohol, 45 parts. The mixture is spread out into thin sheets and dried. 
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FERMENTATION INDUSTRIES 

I.— FERMENTS, ENZYMES, BACTERIA, 
MOULDS, YEAST, Etc. 

By G. Martin, Ph.D, D.Sc. 

Nature of Fermentation. — Fermentation is the decomposition of complex 
organic material into substances of simpler composition by the agency either of 
protoplasm itself, or a secretion prepared by it (Green). Those agents which bring 
about fermentation are called “ ferments.” 

Most of the countless chemical changes which occur in the animal and vegetable kingdom — 
some of them of a truly i^onderfui nature — may be traced to the action of ** ferments.*" Such 
changes mclude processes of oxidation and reduction, Dutre&ction of organic matter, formation and 
splitting up of fsts, ester formation, production of alconol from sugar, etc etc. 

Many of the oldest mdustnes in tne world’s history — the making of wme, beer, and vmegar, the 
souring and clotting of milk to form cheese, the tanning of hides— are dependent upon the action 
of ferments to whi^ bacteria and other organisms or bving tissues give rise The same is also true 
of the fermentation processes employed in the extraction of natural indigo, m the preparation of 
coffee and cocoa, in the curing of tea and tobacco, and in the retting of flax. 

So far as technical chemistry is concerned, Ae most important “ferments” are those which 
cause the generation of alcohol from sugar and starch, and to which we owe the enormous alcohohc 
industries of to day. Before giving particulars of alcoholic fermentation, we deem it advisable to 
give a brief survey of the other ferments, referring the reader for further informatiOD to the very 
numerous standard works on the subject, a list of which is given below. 

For our purpose “ ferments ” may be divided into two classes : — 

A Unorganised Ferments or Enzymes. 

B Organised Ferments. 

A. THE ENZYMES OR UNORGANISED FERMENTS 

LITERATURE 

C. Oppenhbimer.— “ Die Fermente.” 3rd Ed Leipzig, 191a 

C. Oppbnheimer and C A. Mitchell — “ Ferments and their Action.” Griffin, 1901. 

Reynolds Green — “ The Soluble Ferments and Fermentation.” 1899. 

W. M. Bayliss -—“The Nature of Enzyme Action ” 1908 

H. M. Vernon.— “Intracellular Enzymes.” 1908. 

G. J Fowler,— “ Bactenological and Enzyme Chemistry ” 1911. 

BOchnbr u. Hahn. — “ Die Zymasc-Garung.” Berlin, 1903 

Slator. — “Studies in Fermentation,” yiwm. Ck€m* Soc., 89 (1906), 128; 93 (1908), 
21 y; Slator and H. J S. Sand, loc, at \ (1910), 922 

Harden and Young.— ** The Alcoholic Ferment of Ycast-Juice,” Soe* B., 
77 (1906), 405 ; 78 (1906), 369 ; 80 (1908), 299 ; 81 (1909), 336 

Harden.— “Alcoholic Fermentation.” London, 191X. 

H. Euler. — “ Allgemeine chemie der Enzyme ” Wiesbaden, 191a 

Enzymes are complex nitrogenous substances of exceedingly high moleciilar 
weight and similar in elementary composition to the albuminous subsunces. They 
are soluble in cold water, forming very slightly diffusible solutions, from which they 
may be precipitated by alcohol or ammonium sulphate as-^uwbil^Jimorphous 
powder. In solution their chemical activities are weakened at 60* C., while a 
temperature of 80* C usually destroys them. When dried, however, they will 
often stand considerably higher temperatures. Their aqueous solutions rapidly 
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putrefy. In glycerol, however (m which they are soluble), they may be preserved 
ibr a considerable time. Antiseptics and strong mineral poisons, such as 
formaldehyde, phenol, strong mineral acids or bases, lead, copper, mercury or 
zinc salts, potassium cyanide, etc, destroy enzymes. Enzymes possess the 
remarkable property of attacking complex organic molecules, splitting them up or 
** hydrolysing” them into simpler substances, usually with the addition of water. 
They thus render soluble substances like starch, fats, albumen, etc. 

A similar hydrolysmg action is caused by mineral acids or bases, or superheated water, and, 
according to Professor w. Ostwald, the enzymes merely accelerate actions which could occur, 
although slowly, under normal conditions even without the presence of an enzyme The enzymes 
are thus regarded as ** contact substances,” as they themselves undergo but little change, a very 
small quantity of an enzyme being capable of hydrolysing enormous quantities of material In 
certain cases ferments can also effect a synthetic process. Thus Croft Hill has been able to produce 
isomaltose by the action of the enzyme maltase upon dextrose* 2CeHi20e=CxsHaiOii + H80. 
£hnil Fischer and his co-workers have synthesised certain decomposition products of albumen by 
means of enzyme action, while Kastel and Loevenhart have synthesised ethyl butyrate by bringing 
together ethyl alcohol and butyric acid in the presence of the fat-sphtting enzyme lipase The 
researches of Croft Hill, Kastel and Loevenhart, etc , show that enzyme action is in many cases 
reversible 


The enzymes are very widely distributed iti the living world, both animal 
and vegetable, occurring in the saliva, in the gastric juices, in the pancreas, 
kidneys, blood serum, and plant juices By their aid the foodstuffs are rendered 
soluble and digested The enzymes are produced directly by living protoplasm 
cells from albumen and similar substances ; once formed they may, as stated above, 
be removed from the plant or animal, and retain their activity for a considerable time 
Each enzyme is characterised by its capacity of performing one specific 
chemical action, and they are most easily classified according to the actions 
they perform.* Thus we have . — 


I. Diastatic Enzymes, which dissolve insoluble carbohydrates like starch 
and cellulose, converting them into soluble sugars 

The best known and most important vegetable enzyme is amylase (diastase), 
which occurs in malt (germinating barley) and other germinating seeds, and in 
many fungi It occurs only in traces in the raw corn gram itself, but develops 
rapidly when the grain begins to germinate. 


It may be obtained by extracting green malt with cold water, and precipitating with alcohol 
or ammonium sulphate It then forms an amorphous powder which is punned by repeatedly re- 
dissolving and reprecipitating, and by subjecting to dialyses The product thus obtained possesses 
a varying composition, those preparations being most active in which the elementary composition 
(especially the nitrogen) approximates most closely to albumen Thus we may get 


C 

H 

N 


44-52 per cent 
7-6 6 „ 
9-16 „ 


S 

o 

Ash 


1-2 per cent 
33-23 M 
5 ’^ >> 


Vegetable diastase rapidly dissolves starch, producing maltose , the optimum 
temperature is 4o*-(^* C ; at 80* C. it becomes inactive and coagulates. In a 
dry condition it can stand a temperature of 150* C, becoming inactive at 158* 
(Hueppe). 

Ordinary vegetable diastase is undoubtedly a mixture of several distmct enzymes One of 
these hydrol3rses the starch to dextnnes, and then stops its action Another hydrolyses the 

dextrifies to maltose 

It should be noted that ordinary malt contains in addition to diastase also ferments like glucase 
(maltase), iavertase, and proteol]rtic ferments (see below) 

3aliva diastase (ptyalm) m saliva and pancreas diastase (amylopsin) behave similarly to 
vegetable diastase, but are apparently not identical with it Inulase decomposes inulm ; cjtase or 
ceUulase dissolves cellulose, destroying cell'walls and thus allowing diastase to attack the enclosed 
starch. 


*The nomenclature now generally adopted is to denote each enzyme by the name of the 
substance it especially attacks, with the addition of the sufiix *^ase,’* eg, maltase is the enzyme 

which decomposes maltose, cellulase that which decomposes cellulose. 
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а. Invtvtixig Enz]rtncs»— These transform sugars of the biose type (di 
saccharides) into simpler sugars, usually hexoses. 

^ Invertase or Sucraae hydrolyses cane-sup^ar into </‘glucose and ^'fructose ; most rapidly at 
5S*-6 o* C It IS inactive at 75* C. It is contained m yeast cells, and may be obtained from them 
by drymg at 105* C., extracting with water, and precipitating with alcohol ; also contained in malt 
Easily soluble in water and diitusible, and acts only m acid solution May be heated when dry for 
one hour at I40*-X50* C. 

Maltase or Glncase converts maltose into 2 molecules of glucose ; occurs in malt and in many 
culture yeasts. Is difficultly soluble m water and can only be extracted from crushed and ground cells 
by leeching Optimum temperature, 40® C Destroyed at 50®-5S* C. 

Lactase converts milk surar (lactose) mto i/>glucose and ^-galactose ; occurs in milk sugar 
yeasts (S Kefir) and some culture yeasts, never in brewing culture yeast Does not diffuse or 
penetrate the cell wall. ' 

Mekbiase, which is present in some bottom -fermentation yeasts and absent from most top- 
fermentation yeasts, splits mehbiose into ^-glucose and i/-gaiactose Obtained by leeching dried 
cells with water , cell diffusible 

Trehalase splits trehalose, not diffusing 

3. Ferments which decompose Glucosides.— Emuisin, contained in 
bitter almonds, decomposes the glucoside amygdalin into grape sugar, benzaldehyde, 
and hydrocyanic acid Myrosinase, the ferment of black mustard seed 

4 . Proteolsrtic Enzymes — These decompose the various soluble and in- 
soluble proteid substances (such as albumen, fibrin, etc.) into simpler bodies, such 
as i^ptone, etc., sometimes decomposing them into simple amido-acids, such as 
leucin, tyrosin, aspartic acid, etc 

Among these enzymes we may mention the peptut of the mucous membrane of the stomach, 
which decomposes albummous bodies mto peptones, and is most active in the presence of o 02-0 04 
per cent, free HCl ; trjrpsm, the proteolytic ferment of the pancreas, which decomposes 
albummous substances mto leucm, tyrosin, and other amido-aads ; papain, of the papaw tree, acts 
on flesh. 

• 

Yeast Endotryptaae. — Optimum action occurs m o 2 per cent of HCl ; optimum temperature, 
p®-45* C., destroyed at 60* C , retams effiaency in yeast juice nine to fifteen days at 37* C , and 
[xmverts yeast albumen into tyrosm, leucin, xanthine bodies, and passive albumoses, but not into 
peptones. 

5. Clotting Enzymes, eg., rennet (lab, chjrmosin), which coagulates milk 
precipitating the cas^i^ but leaving the milk sugar in solution. Prepared from 
stomach of calf by ifiiacerating with water. Also occurs in yeast cells. Destroyed 
at 65*" C. (two hours); non-diasable. Thrombase, which coagulates blood, 
pectase, which produces vegetable jellies 

б. The Lipases, which split up fats into glycerin and fatty acids Occurs in 
the pancreas, also m various seeds, especially in castor seed. (See p. 93 ) 

7. Oxidases, which oxidise various substances, e.g., laccase, tyrosinase. 
Ox3rdase and cutalase occur m yeast cells. 

8. EnZ3fmeSi which decompose amides, eg;., urase in urme, which splits up 
urea into CO^ and NH3. 

9. Alcohol Producing Enzymes, eg., Buchner's zymase, secreted by 
yeast cells, which decomposes grape sugar, etc , directly into alcohol and CO|. 

Zymase will not pass through the yeast-cell wall and hence can only be isolated by breaking 
down the cell wall. This Btichner effected in 1897 by grinding up the living yeast cells with 
quarts sand and kieselguhr (infusorial earth) and then pressing out the juice in a niter press under a 
pressure of 400-500 atmo^heres. The clear opalescent fiuid rapidly ferments cane sugar, grape sugar, 
and fructose, but not lactose or manmtol. The action is not stopped by dilorofi>rm nor by passage 
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of the UqiiM thfoi^ e Berkefehi hlteri or dialling membrane. The fermentation is a true alcoholic 
one, in that alcohol and COa are pranced m the same proportion as when living yeast is used. 
The same by-products — such as glycerol and succmic acid — are also produced. 

Zymase may be precipitated by alcohol-ether or acetone from its aqueous solution, 
and after drying is obtained as a white amorphous powder, which (even after 
prolonged keeping) when redissolved in water does not lose its fermentative power. 

It does not appear to be sensitive to the action of dry heat up to lOO*" C , since yeast thus killed 
still contains the active ferment Buchner’s expressed yeast juice rapidly loses its alcohol-producing 
power on standing, the zymase being destroyed by another enzyme, which is capable of digesting 
albumen, namely, a proteolytic enzyme called endotryptase. which also causes the auto-digestion 
of yeast cells. The destruction occurs most rapidly at 40*-50® C. 

R. Albert prepares his Z3rmia or permanent yeast {Dauerhefe) by partially 
drying ordinary yeast, immersing in ten times its volume of acetone for fifteen 
minutes (which kills the living yeast), drying on filter paper, and well washing with 
ether, finally drying at 45* C. The white powder so obtained contains only dead 
yeast cells (with cell walls intact), and contains the zymase ferment uninjured. 
Consequently it will bring about vigorous fermentation, even after keeping for years 

Albert’s process is interesting because yeast cells which have died in the ordinary way will not 
yield a juice capable of fermenting sugar. This only occurs when the cells are killed by acetone or 
alcohol (as above desenbed), which at the same time acts as a preservative on the zymase ferment 
in the cell. It should be noticed that zjrmase certainly consists of several enzymes. Harden 
and Young have shown that when BUchner’s yeast juice is forced trough a Martin filter it is 
separated into two parts, namely, a residue (colloidal and non-diasable), which remains behind, 
and a liquid, which passes through the filter. Neither this residue nor the liquid which passes 
through are separately capable of causing alcoholic fermentation. On mixing them, however, 
a vigorous alcoholic fermentation is produced. Hence the alcohohe fermentation is due (i) to 
a colloidal, (2) to a crystalloidal substance. 

Harden and Young have shown that phosphoric acid is one necessary constituent of the dialysable 
(crystalloidal) substance taking part m the fermentative action. For every molecule of sugar which 
is broken down into alcohol and CO2, a molecule of a comp’ex hexose phosphate (a compound 
of a sugar molecule with two of phosphate) is simultaneously formed, and this phosphate passes 
repeatedly through the cycle of changes represented m the followmg equations — 

(1) aCeHiaOe + 2KaHP04 = 2COa + 2C2H6OH + 2H2O + C6Hio04(P04i:a)2. 

(2) C8Hio 04(P04K:2)2 + 2H2O « CgHiaOe + 2K2HPO4. 

The rate of fermentation by yeast cells and the factors governing it have been exhaustively 
studied by Arthur Slator and H J. S Sand, see p. 239. 
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The chemical changes involved in the processes of alcoholic fermentation and 
in^'the putrefaction and decay of organic matter are due to the presence of minute 
organisms, which for convenience we group under the name “ organised ferments.’’ 

It was once thought that these chemical changes were brought about by the direct action of the 
living protoplasm of these organisms. It is now, however, almost universally believed that these 
minute organisms enzymes, which by their “ contact^* action bring about the various changes, 

and consequently that all such changes in reality are a direct consequence of unorganised ferments 
or enzymes. ^ 

The micro-organisms whose chemical activities are thus grouped under the 
general name of “Fermentation” are minute chlorophyll-free plants, belonging 
to the great family of “ Fungi.” So far as the fermentation industries are con- 
cerned, they may be divided into three groups : (i) Bacteria, (2) Moulds, (3) 
Yeasts. 

Bacteria (Schizomycetes) 


Bacteria are the lowest 
forms of vegetable life, and 
the smallest living organ- 
isms that we are acquainted 
with, often requiring a 
magnification of over 300 
diameters before becoming 
visible. They multiply 
either by splitting into two 
(/>. by fission or cell- 
division — hence their classi- 
fication among the fiSsion- 
fungi and their name 
schizomycetes) or by 
sporeTormation, />., by 
the production of small 
protuberances, which 
eventually separate from 
the main organisation. 
These spores are often 
extraordinarily resistant 
towards heat, cold, want 
of nutrition, and even 
poisons. They germinate 
under favourable conditions 
into organisms similar to 
the parent organisms. 
Bacteria are colourless 
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Fig. 80. — Bacteria, Yeasts, Moulds, and Beggiatoa. 


(devoid of chlorophyll) plants and possess an envelope or capsule consisting of 
cellulose or allied substances. They are monocellular organisms, existing as — 

1. Round cells (coccaceae), often less than 0.001 mm. diameter. 

2. Rods (bacteriacese), sometimes united into long threads. 

They are often provided with delicate threads — flagella or cilia — which serve as 
locomotive organs. 


Bacteria are very widely distributed in nature. In unnumbered millions they occur in the air, 
soil, and water. On account of their minuteness they are rapidly transported by the wind and 
blowing dust from place to place. Wherever food is plentiful they develop enormously, and thus 
it is that all dead plants and animals are rapidly consumed by them, undergoinpf, as the result of 
bacterial vital acti^nty, the familiar phenomena of putrefaction and decay. TOeir most important 
function is the breaking down of complex organic substances into simple inorganic comix>unds, 
which are again available for plant nutrition. 



224 


INDUSTRIAL CHEMISTRY 


Certaii^ bacteria produce strong poisons as the result of their vital activity. For example, the 
ptomain^ or alkaloids of decay, which are found in putrefying 6esh. Others are cajkble of 
producing chemical changes in the bodies of higher living or^nisms, and in the case of specific 
diseases — (caused by “pathogenic” bacteria), such as cholera, typhus, diphtheria, etc. — generate 
poisons (toxins), which are the direct cause of the illness. Artificial cultures of these bacteria also 
produce those poisons which, if injected into an animal, set up the same symptoms of disease as 
if produced by fiie multiplication of the microbes within the animal. To defend themselves against 
such bacterial poisons, animals produce in their serum antidotal poisons known as “anti-toxins” — 
which are probably enrymes—and use is made in Medicine o%this fact in the curative treatment of 



Bacterium Aceti. Bacterium Pasteurianum. Bacterium 

Kiitzingianum, 

Fig. 8 1. — Acetic Acid Bacteria (Hansen). 


disease. Thus the Farbwerke Hochst manufacture an anti-toxin from the serum of horse blood, 
which when injected into a patient cures diphtheria. Similar inoculating serums are used in the 
treatment of plague and other diseases. Bacteria require as food certain mineral and organic 
material. Many require oxygen, while some are killed by it (“anaerobic bacteria”), others can 
develop both in the presence and in the absence of oxygen. There are innumerable races of 
bacteria — quite as definite in character as animals or plants — and pure cultures of the individual 
races are made by methods in vogue in bacteriological technique, for an account of which the 
reader is referred to one of the special text-books dealing with the subject. See also Yeast. 

Most bacteria are destroyed by antiseptics. They are also usually killed by 

steam at loo* C. ; they are almost instantaneously 
killed by high-pressure steam. 

The following varieties of bacteria are of 
great use in the chemical industry : — 

Acetic Acid Bacteria. — These cause 
the oxidation of alcohol into acetic acid, thus : 
CH3.CH2OH -f 2O = CH3.COOH + H2O. 
Several varieties exist, such as Bacterium acetic 
Bacterium Pasteurianum^ Bacterium Kutzingi- 
anum^ and Bacterium xylinum^ etc. They grow 
in dilute alcoholic fluids (containing under 10 
per cent, alcohol), such as wine and beer, which 
Fig. 82,— Lactic Acid Bacteria contain the mineral and nitrogenous matter 

in Sour Milk. necessary for their nutrition. Continental 

{Bacillus Bulgaricus,) varieties develop best at 30®-35* C., and require 

oxygen. According to Mitchell (see Vinegar) 
English varieties flourish at 40*-43* C. As the result of their activity, a thick 
skin— known as the vinegar plant, or “ mother of vinegar ” —covers the surface 
of the fermenting liquid, sometimes to the depth of i in. It is formed of the 
extensively developed mucinous envelope of the cells, and consists principally of 
cellulose. The bacteria occur as short rods, 0.001-0.003 mm. in length, often 
attached together in chains by their mucinous envelope. They occur widely 
distributed m fermenting liquids wherever there is plenty of air. They are usrf 
technically for the manufacture of vinegar (which see, p. 315). 
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Lactic Acid Bacteria. — These split up sugar into lactic acid, thus: 
C0Hi2Ofl=»2C2H4(OH).COOH, and are the cause of the souring of milk. Their 
optimum temperature is $ 0 ^- 50 * C, and being capable of developing at 50* C.— a 
temperature unfavourable for most other organisms — can easily be obtained as 
pure cultures. They occur on fruit, corn grains, malt, etc., and are cultivated 
extensively for the manufacture of Lactic Acid (which see, p. 317). 

Butyric Acid Bacteria ferments lactic acid (and, it is stated, sugar and 
other carbohydrates) directly into normal butyric acid, the change being accom- 
panied by the evolution of COg and H, thus : 2C8Hg03 == C3H7.COOH + 2CO2 + aHg. 

Many varieties of these bacteria exist, occurring on fruit, and causing the souring 
of cut beet, spent malt, distillers* wash, etc., the ripening of cheese, the rotting of 
wet potatoes, and the retting of flax. Certain kinds (^.^., B. amylobacter) dissolve 
cellulose. In the brewing industries the presence of butyric acid bacteria may 
cause great damage. The best known variety is the Bacillus butyricus, which con- 
sists of thin, motile rods, having an optimum temperature of 40* C., and flourishing 
in the absence of oxygen. (See Butyric Acid, p. 320.) 

Proteolsrtic Bacteria are used in the tannery in the “bating** or “puering** 
process. These bacteria produce digestive enzymes which have a solvent action 
on the fibres of the skin, rendering it more supple. They have been studied and 
described by Mr J. T. Wood (see Journ. Sac, Chem, Ind., 1910, 29, 666), who has 
successfully made use of a puer-substitute called “ erodin ’* which consists of a 
culture medium of peptonised gelatinous tissue, with a special 
mixed culture of selected bacteria (see pp. 580, 581). 

N itrogen - fixing Bacteria. — A number of 
bacteria exist in the soil, which cause the gradual fixation 
of atmospheric nitrogen, the oxidation of ammonia to 
nitrites, and of nitrites to nitrates. They are of the 
greatest importance to agriculturists. Two well-defined 
organisms convert ammonia into nitrites, viz., nitroso* 
monas and nitrosOCOCCUS. The nitric organism, which 
oxidises the nitrites to nitrates, is a very small bacterium. Fig. 83.— Butyric 

Other bacteria are used technically in the dairy, in the Bacteria, 

preparation of indigo, tobacco, tea, etc., and especially in 

the modern method of sewage disposal, where the noxious substances are com- 
pletely oxidised to COg, water, etc., by special bacteria cultivated in the filteiL 
beds. Sulphur bacteria exist which absorb H.^S and other sulphur-containing 
compounds, oxidising them to sulphates. A, Fernbach (pp. 314, 333) has produced 
cultures which give j^^scl oils (butyl alcohol) and acetone. 

Moulds (Hyphomycetes). 

These are more highly organised than bacteria or yeasts ; they propagate from 
spores (conidia), which develop into long threads of cylindrical cells forming a 
network known as mycelia. From these cells special seed-bearing organs— the 
hyphae or thalli— develop. The moulds derive their names from these organs. 

Moulds readily develop in sugar solutions, on moist bread, fruit, moist corn 
grains, wood, and even on damp walls. They act both as oxidising and hydrolysing 
ferments, and are, as a rule, not harmful. 

Among the more widely distributed moulds may be mentioned : Penicillium glaucum^ a green 
mould ; Aspergillus glaueus, likewise green ; Aspergillus niger^ which appears dark. All these 
oxidise sugar, generating organic acids. They also contain enzymes, which hydrolyse starch and 
albumen. Two kinds ot moulds — Cilre-myces^w known which oxidise sugar (up to 50 per cent. ) 
into citric acid in the presence of CaCOj, and have been used technically for that purpose, but up 
to the present without success (see Citric Acid, p. 374 )- . , 

Two moulds, Aspergillus Orysa (Japan) and Mucer {amylomyces) Rouxti (China), grow on nee, 
and are used for making sakd (rice beer) and arrak from rice (in the same way that we use malt 
for making beer from corn grains), since they contain diastase (or a similar enzyme), which hydro- 
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tyses rice starch into ferme&tablo sugars. They have been employed for this purpose in Eur^ 
(see AhEqriO Process, pp. 286, 249). The mould Mucos racemosus splits sugar into alcohol and CO^ 

Yeasts (Saccharomycetes) 

The yeasts are single-cell fungi, more highly developed than bacteria, but less 
developed than moulds. They propagate by the formation of small daughter cells 
or buds, which are extruded from the parent cell — hence their name “budding 
fungi.” Some yeast fungi have been observed to propagate by fission. Many 
species form endospores under special conditions, while other species do not 
possess this capacity. Yeasts will only develop in media containing sufficient 
nitrogenous and mineral food for their nutrition. 

Alcoholic Fermentation. — Yeast fungi decompose sugar into alcohol and 
carbon dioxide, according to the equation: QHj20g«2C2H5.0H + 2C02. The 
monosaccharides (hexoses) — dextrose, laevulose, mannose, galactose— are thus de- 
composed by all true yeasts. The disaccharides — cane sugar and maltose — are not 
directly fermented in this manner, but have first to be hydrolysed into mono- 
saccharides by enzymes contained in the yeast. Milk sugar is only fermented 
by a few yeasts which contain the enzyme lactase. Most yeasts do not contain 



enzymes which hydrolise Starch and cellulose^ and hence these substances have 
to be converted into sugars by diastase in malt) before yeasts can ferment 
them into alcohol. See p. 239 for Rate of Alcoholic Fermentation. 

Only about 95 per cent, of sugar is transformed by alcoholic fermentation into CO2 and alcohol, 
for about 5 per cent, of by-products — such as glycerol, succinic acid, fusel oils, and higher alcohols — 
are produced as the result of the vital activity of the yeast cells. Thus, according to Pasteur, 
100 parts of glucose yield on fermentation ; — 
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It is traces of these by-products which give a characteristic taste and smell to different alcoholic 
liquors. From grape juice (must) we get the scenty “wine oils which give a “bouquet’’ to the 
wme. Potato starch yields unpleasant smelling “ fusel oils.” See pp. 251, 298, 314. 

A. Fernbach has obtained cultures which produce /usg/ oils and acotone (see pp. 314, 333). 

Enz]rmes contained in Yeast (see p. 221).— The yeast cell is surrounded 
by a thin wall of cellulose and pectose. The living protoplasm enclosed within this 
wall secretes several enzymes, some of which are capable of diffusing through the 
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wall (and hence may be esdracted by water or solvents), while others cannot do so, 
and can only be obtained by rupturing the cell walls and extracting. Such enzymes 
are called “intracellular” or “ endo-enzym^,” and obviously can only exert a 
chemical action on substances capable of diffusing through the cell wall into the 
living protopl^m. 

The following enzymes occur in yeast (after Emil Schlighting) : — 

1. Hydrolysing Enzymes 

{a) Sugar Splitting — Invertase» maltose, lactase, mehbiase, rafEnase, trehalase, 
diastase, and a glycogen-splitting yeast which plays an important part in self- 
fermentation or anto-digestion of the yeast cells These enzymes have been 
treated on p. 221. 

Proteolytic.-— Endotryptase. Plays an important part in auto-digestion of yeast 
cells. For properties, see p 221 

(r) Coagulating. — Rennet, obtamw by extracting yeast cells with CHClj under 
pressure at 60"* C. 

2. Oxidising. --Oxydase, catalase. Destroyed at 60 -65* C. 

3. Reducmg Enzymes. — Optimum temperature, 40* C 

4. Alcohol-producing Enaymes — Zymase. — This directly splits up sugar into alcohol and 
CX>g, and is the cause of me alconohc fermentation produced by yeast Described p 221 

Chemical Composition of Yeast — The following analyses are typical of ash-free dry yeast 
substances (different samples vary) . — 

C H N 

Top Yeast • 48 668115 

Bottom Yeast - - 45 o 6 7 8.7 

Old yeast is poorer in N Moisture, 75-83 per cent , S, o 39-0 7 per cent 

Yeast Ash varies from 2 5-1 1.5 per cent, and consists, approximately, of. — 

KH2p04-f K^HP04=8 i 6 per cent (top) to ^ per cent (bottom) 

MgslPOJa =168 „ „ 226 „ 

CajfPOOa =23 „ „ 97 

54*59 per cei^t ; K^O, 28-40 per cent ; MgO, 6-8 per cent ; CaO, 1-4 per cent Small 
amounts of chlondes, sulphates, etc. 

Structure and Life Conditions of Yeast — The ordinary beer yeast consists 
of minute egg-shaped single cells, about 001 mm diameter The cell consists of 
protoplasm enclos^ by a cellulose cell wall and containing a spherical or disc-shaped 
nucleus, which can be made visible by staining Vacuoles appear at the end of 
fermentation filled with a low-refractive fluid, also “ granules ” or “ oil-drops ” appear 
consisting of highly-refractive round or angular bodies. Besides vegetative propaga- 
tion by budding, yeast also forms endospores under special conditions, the cell 
dividing into two to four spores which then germinate into new yeast cells. The 
spores of “ culture ” yeasts appear to be empfy, while the spores of “ wild ” yeast are 
strongly refractive, Hansen has used the different spore formation to differentiate 
between the various types of culture and pure yeast 

Yeast IS killed when neated in water to 75* C., but when dry will stand a 
temperature of + 100* C. to - 130* C. Cooling for months is not detrimental to 
yeasts. Drying in a finely divided condition kills yeast after a few days Yeast 
causes alcoholic fermentation between o* C and 50* C. The optimum temperature 
is a8*-34* C. Yeasts retain their vitality longest in a 10 per cent, sucrose solution. 
Samples have been kept alive for over twenty years (Hansen) in this solution. 
A 22-25 per cent, sugar solution is completely fermented by most yeast races, but 
they refuse to grow in a 60 per cent, sugar solution Yeasts require for their growth 
certain organic and inorganic salts, such as nitrogen compounds (amides, peptones), 
phosphates, sulphates, potassium, and magnesium salts — such are invariably found 
in gmpe juice and beer wort. Hence, although yeast will cause fermentation in 
a pure cane sugar solution, yet they cannot in this solution as the necessary 



228 


INDUSTRIAL CHEMISTRY 


food stuffs are wanting. The presence of oxygen is also necessary in order to 
stimulate the first growth of yeast — hence the practice of blowing air through 
growing yeast. 

Alcohol poisons yeast. In a solution containing only 5 per cent, by volume of alcohol, most yeasts 
cease to propagate. The enzymes in the yeast cell, however, are not much affected by this amount 
of alcohol) since some of the more powerful yeasts will generate a solution con taming 18-19 per cent, 
alcohol, while wine yeasts have been known to ferment the solution until it contains 19 or 20 
per cent, of alcohol. Nevertheless such yeasts cease to propagate m a solution containing more 
than 10-12 per cent of alcohol Distillery yeasts in concentrated mashes produce a solution 
containing usually 10-12 per cent, of alcohol. Fermentation is not likely to progress in a solution 
containing more than 20 per cent by weight of fermentable matter. 

Among yeast poisons are mercuric chlonde, copper sulphate, phenol, formaldehyde, salicylic 
acid, hydrofluoric acid, sulphurous acid, carbon disulphide, chloroform, ether, and ** antiseptics’’ 
generally (see p. 241). Free acids (especially the volatile fatty acids) and bases also exert a 
deleterious effect on yeast Yeast, however, will bear the presence of a considerable quantity of 
lactic acid (see p 235) 

The Chief Yeast Races — An enormous number of different races exist, 
each characterised by producing alcoholic liquors of different flavours and 
characteristics * We may divide them into two great classes . — 

(a) Culture Yeasts, eg ^ S cerevtsia^ S. elltpsotdeus. 

(b) Wild Yeasts, eg, S pastonanus. 


(a) Culture Yeasts 

Culture yeasts have been cultivated for long periods of time in the fermentation 
industries, and consequently have acquired characteristics which make them 
especially valuable for the production of alcoholic liquors 
We may classify culture yeasts thus — 

Saccharomyces cerevtsta — Top (high) yeast , bottom (low) yeast 
„ elltpsotdeus — Ferment of wine. 

All these yeasts ferment the monosaccharides, also cane sugar and maltose, but 
not milk sugar ' 

Beer yeasts, distillery yeasts, compressed yeasts, and bakers^ yeast all belong to 
the genus called Saccharomyces cerevtstce, while yeasts for making wine belong 
to another genus, Saccharomyces elltpsoideus 

A yeast used for beer (brewery yeast) must generate certain substances 
possessing a charactenstic aromatic taste or odour It must also readily 
separate from the fluid, leaving a clear, bright liquid A distillery yeast, on 
the other hand, must have a high fermenting power, in order to produce the 
maximum quantity of alcohol A baking yeast should be rapid in action, and 
generate a large amount of alcohol and COg in order to “ raise the dough. It 
should be noticed that a brewers’ yeast is quite unsuited for Use in a distillery, and 
vice versd 

Beer Yeasts, Brewery Yeasts — These must clarify well, raise a good 
head, and generate a pleasant taste in the beer Two well-marked varieties of these 
occur, namely, top-fermentation and bottom-fermentation yeast They 
are sometimes called “ high ” and “ low ” yeasts respectively, the reference 
here being to the temperatures at which fermentation is carried on with them. 
The high or top-fermentation >east is used to ferment infusion beers, and 
IS the variety used by English brewers They rise to the surface of the 
fermenting liquid, and grow best between 28**34® C The low or bottom* 
fermentation yeasts is the variety which brewers of lager beer (Germany and 
U S.A ) employ in the fermentation of decoction worts. They settle at the bottom 
of the fermenting liquor and ferment at a low temperature of 4**10* C. 


Many wild yeasts do not cause alcoholic fermentation at all. 
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When working with this low temperature, fermentation proceeds much less rapidly than with 
high yeast ; growth and reproduction proceed more slowly, and the budding gives rise to less 
extensive colonies of cells ; but the beer thus produced is usually richer in CO^ than that produced 
at a higher temperature. 

The following are the chief brewery yeasts : — 

Top Yeasts. — Scuckaromyces cerevisia, Hansen, from English and Scotch breweries, a vigorous 
beer top yeast. Yeasts for making English Porter, Stout, Ale, Berliner Weissbiere, Lichten- 
hainer Beer, Braunbiere, Malzbiere. The Institute for Garungsgewerbe at Berlin breed two 
“top” yeasts, namely “ Hefe A,” a weak fermenting yeast, and “Hefe B,” a powerful 
fermenting yeast. 

Bottom Yeasts. —The following are the two chief types of German “ bottom ” yeasts : (i) Hefe 
“ Frohberg ” ; (2) Hefe “ Saaz.” Between lie many intermediate varieties. Hansen (Copenhagen) 
cultivates Carlsberg Bottom Yeast i, which produces a very stable beer, not readily clarifying, 
and Carlsberg Bottom Yeast 2, producing a beer not so stable as from i, but clarifying more 
readily. 

Distillery Yeasts. — These are top-fermentation yeasts. Distillery yeasts 
must cause a quiet but rapid fermentation, with formation of a high percentage of 
akohol. They must be able to withstand a considerable amount of free acid, 
since the fermentation usually proceeds in fairly strongly soured solutions. It is 
not necessary that they should clarify well and raise a good head — in this they 
differ from brewery yeasts, where these are points of great importance. 



The most important pure distilleij yeast is Race II., Berlin, which was isolated in 1889 
from a distillery in West Prussia. Suitable for fermenting highly concentrated mashes, possesses 
great power of resistance to high alcoholic content. For distilleries which ferment molasses and 
sugar refuse, characterised by a high percentage of various salts, the best yeasts to use are certain 

w&e yeasts. 

Yeasts for Manufacturing “ Compressed Yeast'' — “ Compressed 
yeasts ” are used by bakers for incorporating into dough. The COg gas generated 
by the fermentation, and also the alcoholic vapours when in the oven, puff up the 
bread and make it light. Bakers' yeast must have a pleasant taste and smell, 
develop rapidly and generate much COg and alcohol. It should also not be too 
sensitive to acid. Berlin Race V. is largely used for the manufacture of 
compressed yeast, also Berlin Race XII. is very suitable. 

Wine Yeasts. — All belong to the species Saccharomyces ellipsoideus. 
These are found in very large quantities on ripe grapes, whence they get into the 
expressed grape juice or *‘must” and by fermenting the grape sugar present, 
convert it into wine. 

An enormous number of distinct races occur, each one producing a wine of a different flavour. 
Each different wine district, in- fact, possesses characteristic and distinct races of SaccHaroniyces 
ellipscideus^ and thus it comes about mat wines from different districts, and even wine from the 
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same district but from diflferent vineyards, can be readily distinguished by experts merely by their 
various ts^stes and bouquets. 

Strictly speaking they are ** wild” yeasts, since they occur free in nature, and have not, until 
quite recently, been systematically cultivated like brewery and distillery yeasts. Recently, however, 
pure cultures have been grown, capable of producing wine of definite specific characteristics. We 
jMrefer, therefore, to discuss their properties here as ^ culture ” yeasts. 


Saccharomyces tlHpsoideus, T, Hansen, is a wine yeast, found by Hansen on the 
surface of ripe grapes in the Vosges district. The cells have an ellipsoidal shape. 
It is a bottom yeast, and ferments saccharose, dextrose, laevulose, and maltose, but 
not lactose. ^ he different races of this variety not only produce wines of very 
different tastes and bouquets, but also exhibit very important differences as regards 
the amount of alcohol produced, and the way in which the fermentation proceeds. 
Some of these races actually manage to exist in a 60 per cent, sugar solution—a 

property made use of in the production 
of “ Melton Wine.” In concentrated 
sugar solutions they produce much 
more alcohol than the species Saccha- 
romyces cerevisice. In some cases they 
produce liquids containing 20 per cent, 
of alcohol (see p. 244). 

Other Yeasts* — Saccharomyces 
pyriformis (Marshall Ward) produces 
alcoholic fermentation of English gin- 
ger beer. Used in conjunction with 
the ‘‘ginger-beer” plant. Bacterium 
vermiforme, Saccharomyces mah\ Du 
Clauxi, Kayser, from cider, ferments 
invert sugar and produces esters 
(bouquet). 

Schizosaccharomyces pom be, the 
yeast in pombe (Negro millet beer), 
ferments dextrose ; used' in South 
American distilleries; Schizosaccharo- 
myces mellacei^ in Jamaica rum. 

{b) Wild Yeasts 


Pasteur Flask. 


i 









m 

■ 

lU 

■ 

■ 

■■ 

■■ 

a 

a 

m 


■ 

■ 

to 

■ 

■■ 

■■ 

a 

III 

a 

3 

■ 

■ 

■ 

HI 

■■ 

■■ 

lU 

a 

a 

a 

■ 

■ 

■ 

■ 

IM 

■m 

a 

a 

a 

a 

s 

■ 

■ 

1 

■m 

Ilia 

a 

a 

a 

a 

■ 

■ 

■ 

1 

iui 

ina 

a 

a 

a 

a 

1 

■ 

■ 

i 

Ilia 

am 

a 

a 

a 

■ 

f 

m 

■ 

ut 

■■ 

aa 

lU 

a 

a 

a 

IB 

■ 

m 

m 

■■ 

aa 

a 

Ul 

a 

a! 

;■ 

III 

■ 

■ 

■■ 

aa 

a 

a 

til 

a; 

IN 









ill 


Freudenreich 

Flask. 


Squared Microscopic 
Cf'ver-Glass, 




Bdttcher Moist 
Chamber.' 


The “ wild ” yeasts occur free in 
nature ; they are not cultivated systema- 
tically like ordinary brewery or distillery 
yeasts, usually because they possess un- 
pleasant characteristics and, indeed, 
often set up various “diseases” in 
beer, or affect the fermenting power of 
infected yeasts. Thus S, pasioHanus I. produces a bitter taste in beer, while S, pasiori- 
anus III, produces cloudiness. They occur as sausage-shaped cells, Saccharomyces 
elHpsoideus II, Hansen, is a dangerous disease yeast for breweries, causing turbidity. 


Fig. 86 . — Apparatus for Pure Yeast Culture. 
Hansen’s Methc^. (J, Griffin & Sons, London.) 


The “Kahm” yeasts (Aahf?i ffe/e)y e,g,y Mycodemia cerevisia and vini, consisting of round or 
elongated cells, form a skin on the surface of the fermenting liquor. They require oxygen ; and 
can produce from sugar a small percentage of alcohol, but usually oxidise the alcohol directly to CO2 
and water, with the rapid absorption of oxygen. S* extguus (from compressed yeast) ferments 
monosaccharides and cane sugar, but not maltose. .S’. apiculcUus also ferments only monosac- 
charides. jj^th are useless for the brewery. S, ilicis (bottom yeast) and S, aqui/otii, Gronland, 
produce a bitter and disagreeable taste in worts. 

S. membranafaciens, Hansen, found in wines and polluted waters. Generates acids from sugar, 
in presence of 12 per cent, alcohol. Destroys the bouquet of wines. 

Certain Moulds also possess the power of fermenting sugar, e*g,, Mucor raeemoius (see under 

Moulds). 
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Pure Cultivation of Yeast 

Hansen’s Method of Pure Yeast Culture from a Single Cell— The 

individual yeast cells m a drop of fresh yeast are separated by thoroughly mixing 
twice in succession with sterilised water contained in Freudenreich flasks (see Fig 86) 
A drop of the mixture is then transferred to a Freudenreich flask containing liquefied 
wort gelatine, and thoroughly mixed A drop of the wort gelatine mixture is then 
spread in a thin layer on a squared microscopic cover-glass, left until set under a bell 
jar, then placed, gelatine film downward, over small moist chambers, called Bottcher 
chambers, containing a drop of water at the bottom of the cell. The slide is 
examined under the microscope and the positions of a number of individual yeast 
cells, which are several millimetres apart from other cells, are carefully marked. 
The culture is then kept in an incubator at 20** C. (68® F.) Each cell develops 
into a colony of cells. When the colonies are large enough a pure culture in 
sterilised wort is obtained by inoculating from each separate colony nutrient sterilised 
wort contained m a Pasteur’s flask In this way an absolutely pure culture is 
obtained from a single cell , these separate cultures are then examined as to their 
action on wort and the most suitable species selected for use in practice. The 
culture yeast is then transferred to larger quantities of a nutnent wort The pro- 
duction of large quantities of pure cultivated yeast is accomplished in special pure 
culture apparatus (see below) 

Lindner’s Method of Drop Culture is a slight modification of Hansen’s. 
He dips a pen into the diluted yeast, and draws a line 
with this on the under side of a sterilised microscopic 
slide, which is then fastened by means of vaseline on 
the hollow moist chamber for observation under the 
microscope. As the individual cells develop they are 
used to inoculate larger quantities of sterilised wort 
contained in Pasteur’s flasks, as in Hansen’s method 
The method is easier than Hansen’s, and the yeast 
cells can* be more easily recognised 

Apparatus for the Industrial Production of Pure Culture Yeast 

Hansen’s Apparatus. — The apparatus consists of three parts, viz (1) The 
air-pump a. with the air reservoir b (2) The wort cylinder D (3) 'Ihe fermenta- 
tion cylinder c (see Fig 88) 

By means of the pump a air under a pressure of 3-4 atmospheres is forced 
into the air reservoir b, which is provided with a manometer and a safety-valve. 
The wort cylinder d is now sterilised with high-tension steam from the brewery 
boiler, which drives out all contained air through the pipe /?, the end of which is 
covered by water in 0 Next, the compressed air from b is allowed to rush into d, 
passing on its \say through the cotton-wool filter w, which removes all germs. 
Boiling wort is now run into d through the pipe u. The wort is cooled to the 
proper temperature by means of a pipe //, which sprays cold water over the surface 
of D. The proper amount of sterilised air for aeration is introduced through the 
cotton filter tn. The fermentation cylinder c is now sterilised in exactly the same 
manner as d by means of tension steam, c is also supplied with sterilised air 
through the cotton wool filter while a glass tube #, connected with the cylinder 
by the pipes e and h, allows the level of the wort in c to be readily ascertained 
A small pipe j and an indiarubber tube allows a small amount of pure yeast 
culture from a Pasteur flask to be introduced when required into the sterilised 
wort in c. The introduction of yeast need only be made once, when it develops 
in the wort and gives a continual supply of yeast for a year or more. The outlet 
tap / is arranged so that no infection from without can enter the interior of c. 
To ensure against this danger a considerable pressure of air in c is always present. 
The tube kk places the cylinders c and d in communication, and allows the transfer 

18 



IG 87 — Lindner’s 
Method of Drop Culture. 
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of Sterilised wort from d to c as required. When the level of liquid in c (as seen 
by the glass tube JI) nearly reaches j, the tap i is turned off, the yeast culture 
added through j,. j is shut, ^ opened again, and the addition of wort from d 
continued until c is nearly filled (up to a mark on the glass tube), and the mass 
well stirred by the rousers In this way about 220 litres of wort is placed 

under fermentation, with an ab- 
solutely pure yeast culture. After 
about ten days the beer formed 
is drawn off through the outlet 
tap /, compressed air being 
simultaneously allowed to enter 
through the filter 

This operation is carried out 
as follows : First of all some of 
the dregs are allowed to run out 
through /, then / is closed, wort 
added until c is again filled to 
the mark (as seen in the glass 
tube jI), stirred, and then 27 1. 
of beer and yeast are run off 
through /. More wort is added, 
stirred up, and another 27 1. 
run off. The volumes run off 
are indicated by marks on the 
glass tube ff. The 54 1 . of 
yeast liquid so obtained con- 
Fig. 88. — Hansen’s Apparatus for Pure Yeast Culture. tain enough yeast to ferment 8 
(By permission of The Review Press Ltd. From hectolitres of wort. The rest 
Jorgensen’s “Pure Yeast Management.”) of the yeast, still contained in 

c, is allowed to ferment another 
220 1 . of wort from c, and can be again drawn off as before. In this way a con- 
tinuous supply of pure yeast culture can be obtained from c. 

Lindner’s Small Pure Yeast Culture Apparatus —This is capable of 
producing i kg. yeast. The apparatus consists of a cylinder a and a flask b, which 
is connected up through the safety bottle c with an ordinary filter pump d. 50-60 L 



Fig. 89. — Lindner’s Small Pure Yeast Culture Apparatus. 



of wort are sterilised in a and caused to ferment by a pure yeast culture contained 
in B, while air is sucked through the apparatus by means of d, a and B l^ing joined 
up together for the purpose. The incoming air is sterilised by passing through 
a sterilised (at 150®-! 60" G. in air oven for two hours) cotton- wool filter attached 
at ^ is another such cotton-wool filter to prevent infection reaching b. 
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Lindner^ Large Pure Yeast Culture Plant— This consists of the large 
sterilising and fermentating copper cylinder a and the culture yeast flask b (or c). 
A number of tubes lead into a, by means of which steam, water, wort, or air can 
be introduced. The contents can be agitated by means of a sterilised air blast 
which is passed in through the coil d. The wort in a is sterilised by tension steam, 
cooled, impregnated with pure culture yeast from b, and, when sufficient yeast has 
grown in a, the contents are emptied through / and leaving, however, sufficient 
fluid in the apparatus to fill b, so as to have a supply of the same kind of yeast 
so as to start the operation over again when a is again refilled with sterilised wort. 



Fio. 90. — Lindner’s Large Pure Yeast Culture Plant. 
(Manufactured by F. W. Pest, Berlin.) 


ffoitsm was the first to introduce the production and application of pure culture yeast in bottom- 
fermenting breweries, and his methods nave abolished all empiricism and replaced it by absolutely 
safe working methods in practice. 

JifrgtHsen since 1885 has applied the pure culture of topTermenting yeast, but the success in 
practice has not been so marked as with the bottom-fermenting varieties (see under Beer). 

It should be noticed that pure culture alcohol yeast is not only free from all disease-producing 
germs, but consists of single species only. It is used as a pitching” yeast in the brewer>% As 
soon as the biological tests and control show any deterioration of the pitching yeast, it is discarded 
and is replaced by the new pure culture yeast, which is kept continually growing in the pure culture 
apparatus. The pitching )iast is thus periodically replaced by pure culture yeast. Nevertheless, 
in the course of time the pure culture yeast itself may begin to degenerate, owing to its progressive 
alteration into species of yeast exhibiting undesirable properties, the 'fermenting liquor developing 
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a flavour different to the normal one in (Ids case. When this occuis it will be found tliat not all the 
cells degenerate simultaneously are unchanged. Conse(|ucntly a maniple of the ye;isi is talvcii nd 

a dilution made, the individual cells being well separated from one anothei, and a coin[)aMii\e seiies 
of fermentations made with the different imlividual cells show that tlu*ie aie dilTcieiKcs bctvMHMi 
these cells. Some of the new growths will show the newly developed dis.ii;! eeahle (Ii.u.uteis, hut 
others will be found t(J be cells which have not changed their charaetei. Ihiie single cell ( ultiiie-. ate 
then made from the unchanged varieties, as previously described, and a caiUure obtained similar to 
the original. 


Manufacture of Compressed Yeast 

Bakers use yeast extensively for mixing with the dough. It generates CO2 and 
alcohol from the dextrose and maltose formed in the bread during the raising and 
kneading process. In baking, the alcohol assists the CO^ in causing sponginess of 
bread owing to its vaporisation* during the heating. Bottom-fermenting yeast is 
too slow in action and bitter for this purpose, while ordinary brewery yeasts (top) 
are also not suitable on account of their “hop” flavour. The species now used 
is a distillery top yeast, and, being sold in a compressed state, is known as 
“ compressed yeast.” 



Mash 

Fig. 91. — Horizontal Mash and Acidifying Apparatus for Compressed Yeast Manufacture. 
(Gebriider Sachsenberg, Rosslau in Anhalt, Germany.) 


Compressed yeast manufactories are always grain distilleries, and, indeed, are 
the largest of this kind. Thus one of the largest compressed yeast manufactories 
in the world, Helbing of Hamburg, produces yearly 2,500 tons of compressed 
yeast, 25,000 hl.t of alcohol (100 per cent.) in the form of spirits, etc., and, daily, 
2,000 hi. of spent wash, which is partly used fresh as a cattle food, and partly 
sold in a dry state. The Fleischmann Manufacturing Company, U.S.A., is another 
enormous concern of the same kind. To show the magnitude of the industry w^e 
may mention that in 1904-5 Germany alone produced 36,730 tons of compressed 
yeast (1,350 tons being exported to England) and 482,000 hi. alcohol (100 per cent.). 


* Baking^ Powder is used as a substitute for yeast, a chemical generation of CO.j gas causing 
the dough to rise. 

A common baking has the composition : 34 sodium bicarbonate + 25 cream of tartar + 40 starch. 
Use 15-20 parts to 500 parts flour. P'or cakes use I sodium bicarbonate + 2 cream of tartar l 15 
flour, or 10 sodium bicarlxjnate -I 7.5 tartaric acid -f 17 starch. In bread making sometimes dilute 
HCl (or calcium biphosphate) is mixed into the dough and then sodium bic;irl>onale is stirred in. 

A common “self-raising’^ flour is; 10,000 wheat flour -h 190 i ream of tartars 85 sodium 
bicarbonate. 

t I hi. = 1,000 litres — 220 . 1 gallons. 
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Compressed yeast is produced by two different methods, viz,, the “old"* 
method, such as is used in ordinary distilleries, and the modern and more 
economical “ aeration method.” 

Old Method for Producing Compressed Yeast.— A mixture of malt 
and 1-5 parts rye or wheat are mashed (see under Spirits) at a convenient tempera- 
ture, so as to obtain as complete a transformation as possible of the starch into maltose. 
The mash is allowed to stand in the vat (Fig. 91) at about 35” C., the temperature 
most suitable for the production of lactic acid. The lactic acid bacteria rapidly 
multiply — in modern practice pure lactic acid bacteria are sometimes added — and 
a marked acidulation develops. The lactic acid organism is peculiarly sensitive to 
its own product, and ceases to develop after 1.5 per cent, of lactic acid has been 
formed. The presence of lactic acid prevents the undue development of bacteria 
and wild yeasts, also it peptonises the nitrogenous matters of the grains in the 
mash so as to render them available as yeast foods. Sufficient acidulation being 
produced the mash is cooled to 25° C., yeast is added, and fermentation allowed to 
proceed for ten to eighteen hours. 

When the yeast is “ ripe ” — /.<?., when it has ceased to grow, and so is free from 
small daughter cells — and when most of the yeast has been forced to the surface of 
the liquid by the COo, the yeast is skimmed off from the surface of the liquid, 
filtered through fine gauze in order to free it from malt husks, etc., washed with 
cold water, and pressed in filter presses The mash remaining is allowed to 
ferment with the yeast still left in the liquid for about twenty-four hours longer, 
and then is distilled for alcohol. 

New Aeration Method of Manufacturing Compressed Yeast.— 

This process makes use of the fact that yeast requires oxygen for its full develop- 
ment ; it differs from the previous method in that clear filtered worts are used for 
fermentation so that practically all the yeast formed is isolated. 

The mash contains more maize and less rye than in the old process, and 
contains a considerable amount of the nitrogen-rich malt germ and green malt. 
The mash is allowed to sour (as before) with lactic acid, up to 0.6 per cent., at 
50° C., is sterilised at 65“ C., filtered, cooled to 30” C., and pitched with yeast. The 
fermentation takes place in vats (Fig. 92) through which a continual and powerful 
stream of air is forced from perforated tubes at the bottom of the vat, while the tem- 
perature is maintained at 30° C. by a heating coil. After twenty-eight hours or so the 
sugar is all fermented, and the yeast ceases to grow, becomes “ ripe ” and free from 
budding cells. The yeast is then separated from the clear fermented liquor, by 
passing through centrifugal machines (h'ig. 93) (Laval separators), similar to those 



Fig. 92. — Modern Iron Fermenting Vat, showing best distribution of air 
for Aerated Yeast Manufacture, 

(Gebriider Sachsenberg, Rosslau in Anhalt, Gern^any.) 
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used for separating cream from milk, and is then pressed dry in filter presses, 
sometimes with the addition of starch. The clear residual mash is then distilled 
for alcohol (see Spirit Distillation). 

By this process 100 kg. of grain yield 23 kg. of good compressed yeast con- 
taining 70 per cent, water and 18 1 . of 100 per cent, alcohol. Under favourable 
conditions over 30 kg. yeast and 15 1 . alcohol are obtainable. The old process 
only produced 14 kg. yeast but more alcohol, viz., 28 1. 

Although the presence of air favours the development of wild yeasts and 
bacteria, the initial souring of the mash prevents their development to any serious 

extent, and “aerated” yeast is 
now quite as energetic a raising 
agent as the best yeast as 
manufactured by the older pro- 
cess. Nevertheless the mother 
yeast, from which the crop is 
raised, is usually bred by the 
older process. 

Formerly it was the custom 
to add to the yeast a certain 
amount of starch before press- 
ing, as a drier product witli 
better keeping powers was thus 
obtained. The modern yeast 
races used, however, are now 
so improved that they are no 
longer “ slimy,” and are easily 
pressed dry; consequently 
starch is now no longer neces- 
sary. If added (especially if 
for lowering the price of the 
product) its preseace and 
amount should be stated on 
the label. 

Compressed yeast will keep 
a long time when securely 
packed (best in tinfoil) and 
kept at 8'’-! 2“ C. But when 
exposed to air or in warm 
weather it rapidly becomes 
stale and deteriorates. Com- 
pletely dried yeast will keep 
for years, but is lacking in fer- 
mentative power. The ultimate 
aim of the yeast manufacturers, 
namely, the propagation and 
growing of the yeast without 
the simultaneous production of spirits, has not yet been achieved, although it is, 
perhaps, a theoretical possibility. 


Fig. 93. — Yeast Centrifugal Separator with Steam Turbine. 
(Made by Gebriider Sachsenberg, Rosslau in 
Anhalt, Germany.) 


Statistics. — In 1910 England imported 203,900 cwt. of yeast of value ;^394,i2i. Of this 
quantity the Netherlands supplied 106,500 cwt., Kelgium 48,500 cwt., France 26,000 cwt., Germany 
18,600 cw't. The United States in 1910 exported l/qooo of yeast, Canada taking $55, coo. 
Germany produces annually about 800, oco cwt. of yeast. 


Chemical Analysis of Yeast 

The yeast, which should have a pleasant aromatic smell, is first examined under the microscope 
(600-800 power), and the form, sliape, and size of the celI.-> <»hservcd. Old yea>t differs in a|)pear- 
ance from young yeast. The number of dead cells present are ascertained by adding to tlie solution 




lections through a Compressed Yeast Factory, Aeration Method. (Designed by Gebrlider Sachsenberg, Rosslau in Anhalt, Germany.) 
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R drop of methyl violet, eosin, or fiichsine m alcohol. Dead cells stain, but living ones are unaffected. 
The presence of bacteria, etc , may be detected by their different shapes Next, the detection of 
wild yeasts is canted out by using Hansen's method of spore culture on blocks of sterilised gypsum 
(see torgensen's “ Practical Yeast," p 9). 

The difference between the spores of ‘‘culture” yeasts and “wild” yeasts is so great that one 
ouickly notices it on placing the slide under the microscope. The water and ash of a yeast are 
determined according to the standard methods of food analysis. 

The fermentm^ power of a yeast, s.r., the rapidity with which it decomposes sugar, tuping 
It into COq and alconol — is especially re<juired for the valuation of compressed yeast. Meissl'a 
Method determines the weight of COg which is generated by i g of yeast within six hours at 30® C. 
from a solution in ordinary tap water of 400 g. pure sucrose, 25 g. ammonium phosphate, and 25 g 
potassium phosphate. A yeast generating m this time i 75 g COg is stated to have a fermentative 
powers: 100 and be a “ normal one ” 

Hayduck and Kusserow’s methods measure the volume of COg generated by a given quantity 
of yeast in a certain sugar solution. For details see the special works referred to above ; also Dr 
Slator’s article below. 

The amount of starch present — which may vary from 5-50 percent. — is estimated 
in the usual way. 
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BY LIVING YEAST 

By Arthur Slator, D.Sc., Ph.D. 
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The rate of fermentation by living yeast depends on certain factors which have 
been fairly accurately determined. An excellent account of the matter is given, 
in Dr A. Harden^s monograph on “Alcoholic Fermentation^^ (London, 1911)10 
which the reader is referred for further particulars. 

A convenient apparatus for 
measuring such rates is shown in 
the accompanying figure. 

A glass bottle of about 150 c.c. 
capacity is fitted with a rubber bung 
and connected by pressure tubing to 
a mercury manometer which can 
register pressures from a vacuum to 
about 30 cm. of mercury. The 
apparatus can be exhausted and 
kept air-tight by means of a side 
piece and a stopcock. 

The fermenting solution is intro- 
duced into the bottle, and the 
apparatus is then exhausted. The 
bottle, which rests in a thermostat, 
is shaken at definite intervals of 
time, and the amount of fermenta- 
tion is measured by the change in 
pressure. To assist in the shaking 
twenty glass beads of about the size 
<»f peas are placed in the bottle. 

The apparatus can be calibrated by 
fermenting completely o. I g. dex- 
trose in the bottle and observing the 
corresponding change in pressure. 

The Rate of Fermentation 
of Dextrose. —The factors which 
influence this rate have been deter- 
mined by making up definite solu- 
tions of dextrose and adding yeast 
in known amounts. The liquid is 
transferred to the bottle of the 
apparatus and the initial rate of 
fermentation measured in the man- 
ner described. 

The rate of fermentation of dextrose is almost independent of the concentra- 
tion of the sugar if the solution is not too concentrated or too dilute. 
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The rate of fermentation is exactly proportional to the amount of yeast present 

It can be shown that the diffusion of the sugar into the yeast cell takes ^lace 
so rapidly that the yeast cell is efficiently supplied with sugar even at very dilute 
concentrations. 

The influence of temperature on the rate of fermentation is very great. The 
activity of a yeast cell is almost entirely dependent on the temperature, and it is 
possible to construct a table showing the activity of a yeast cell at various 
temperatures. 

The following table refers to a brewery yeast The activity column gives the 
number of grams per second fermented by >east cells. 


Tempmture 




Acuvity 

Tetnjwatur« 



Actmiy 

40 

- 

- 

• 

• 5-05 

20 


. 


35 

• 

• 

• 

“ 4-05 

IS 

• 

• 

- 068 

30 

• 

• 

• 

• 3 00 

10 



• 0-345 

25 

• 

• 

- 

• 2 08 

5 


• 

- 0 14 


The Rate of Fermentation of Different Sugars 

Laevulose is fermented by various yeasts at the same rate as dextrose. 

Mannose is probably fermented by all yeasts which ferment dextrose, but the 
two rates differ — in some cases dextrose is fermented more rapidly than mannose, 
m other cases the reverse happens 

Fresh samples of yeast ferment mannose more rapidly than dextrose, but by 
older samples the glucose is more rapidly decomposed. 

Galactose. — Only certain species of yeast are capable of fermenting this sugar, 
even though they ferment dextrose, laevulose, and mannose readily The special 
interest in the fermentation of this sugar consists in the fact that even these special 
yeasts cannot ferment the sugar unless they have previously been acclimatised by 
growth in the presence of galactose. 

Sucrose (cane sugar) can only be fermented by yeasts which contain the 
enzyme “ Invertase,” which converts the sugar into dextrose and laevulose (invert 
sugar) Most culture yeasts contain this enzyme and are capable of fermenting 
sucrose as rapidly as dextrose. The invert sugar is produced more rapidly than 
It is fermented, and so accumulates in the fermenting solution. 

Maltose is fermented by yeasts which contain the enzyme “ Maltase.” This 
enzyme is also present in most yeasts used technically, and such yeasts ferment 
maltose almost as rapidly as dextrose. 

Lactose. — A few varieties of yeasts contain the enzyme “ Lactase” and ferment 
lactose (milk sugar). 

Glycogen. — The autofermentation of yeast consists in the transformation of 
the glycogen in the yeast cell to alcohol and carbon dioxide The rate of the 
autofermentation depends on the amount of glycogen in the yeast cell, which varies 
according to the age of the yeast. With fresh yeast the rate is about one-tenth the 
rate of the fermentation of dextrose, with older samples the rate may fall to one- 
fortieth of the value. 

Malt Wort . — The rate of fermentation of malt wort (p. 273) during the first 
part of the fermentation is the same as that of dextrose. The temperature and the 
number of yeast cells are therefore the main factors which determine this rate. 

Malt wort contains the necessary food for yeast growth, and the amount of 
yeast increases for some time after seeding. The number of yeast cells depends, 
therefore, on the seeding and the growth which has taken place. Yeast growth 
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does not continue indefinitely but attains a maximum which was found by 
A. J. Brown to be approximately independent of the amount of the seeding 

In all probabihty it is the changes m the medium caused by the yeast which determines this 
maximum powth. Thus the sugars which are necessary to yeast growth are transformed to 
alcohol and carbon dioxide, both of which inhibit yeast growth, and when this transformation is 
Mrtly completed the yeast growth stops. This explanation also makes it easy to understand how 
different seedmgs have little influence on the finad crop If we consider two worts seeded with 
yeast one ten times the amount of the other, then if these concentrations are small compared with 
the final yeast crop the growth m the first case from one to ten is accompanied by hardly any change 
m the medium Tht two would then be almost identical and produce the same final yeast crop 

The Retarding Influences of Antiseptics. — Many substances, such as 
mercuric chloride, copper sulphate, phenol, salicylic acid, and many others, on 
addition to a fermenting solution, inhibit the reaction These substances on 
addition in very dilute concentration are said to accelerate the reaction. It can 
be shown, however, that this acceleration is on the growth of yeast and not on the 
fermentation. 

Phosphates which have such a remarkable accelerating influence on fermentation 
by yeast juice have no such influence on fermentation by living yeast (see p. 222). 

Intermediate Compounds in Fermentation. —Chemists have long held the opinion that 
dextrose is first converted into some intermediate compound before the formation of alcohol and 
carbon dioxide A compound of the formula CsHeO} has been suggested, and the fermentation 
equation then reads — 

C6Hi20g 2C2H0Og = 2C2H5OH 2CO2 

Lactic acid and dihydroxyacetone both have this formula and both have been suggested as 
possible mtermediate compounds The lactic acid theory has been abandoned owing to general 
recognition that it is not fermentable. The slow rate of action of yeast on dihydroxyacetone makes 
the second suggestion also improbable. 

See also Fernbach on “ The Mechanism of Alcoholic Fermentation, /w/. Brewings ipifi, 
xxu , p 354- See also Compt Rend ^ 1913, 157, 14785 1914, 1719, where the question of 

the presence of pyruvic aud is dealt with. 
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Wine is an alcoholic fluid prepared without distillation by the fermentation of 
grape juice The fermentation takes place spontaneously under the influence 
of special wine yeasts {Saccharomyces eUtpgoideus) which occur naturally on grape 
skins and in the air 

The vine, Vitts vtmfira^ grows freely in Europe, Asia, and America It requires an average 
temperature of 10®- ii® C , and an average summer temperature of 18® 20® C , while ripening it 
requires much sunshine in order that sugar may be formed A climate with hot summers and 
severe winters is often very favourable for the cultivation of the vine During the giowth, rain is 
necessary, but when ripening only bright sunshine should reach the fruit The weather has a very 
great influence on the growth of the vine The soil is not so important, but warm loose soil — 
especially volcanic soil — is best. The soils must be rich in potash The best vines are grown 
along the banks of the Rhine, in Southern Italy, in the Greek Islands, Spam, Austria, Southern 
France, Australia, Asia Minor, etc. France produces the largest quantity of wine, producing on an 
average 45,000,000 hi annually, in value over 1,000,000,000 francs Then follow, in order, Italy, 
Spam, Austria- Hungary, and Germany In Asia Minor the vine is very extensively cultivated, 
but IS utilised principally for the production of raisins (dried grapes) 

It should be noticed that grapes are used not only for the production of wme, but also for the 
manufacture of raisins (dried grapes), in the manufacture of genuine grape sugar, of cognac brandy, 
wine- vinegar, etc. From wine lees are obtained tartar and tartaric acid , an oil is obtained from 
the seeds. 

The riper the grape the more sugar it contains, and the richer in alcohol the 
resultant wine , consequently the grapes are never gathered until perfectly ripe, 
when t then contains, usually, 15-20 per cent of sugar, and in exceptional cases 
10-30 per cent sugar The sugar is a mixture of dextrose and laevulose, no 
sucrose (cane sugar) being present The amount of free acid m the juice vanes 
from 2 9 per cent (unripe) to o 9 per cent (ripe), the acids being tartaric and a 
small amount of malic 

Pressing the Grapes — The hard and sour grapes begin to become soft and 
sweet towards the end of August, at the end of October or beginning of November 
the sugar is at a maximum, and the grapes are plucked and pressed. 

This latter operation is carried out by placing them in a wooden tub and 
stamping with a wooden maul or pestle to extract the juice Sometimes they 
undergo instead a preliminary crushing by foot, other times they are ground in 
grape mills with wooden rollers 
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If White Wine is required the juice is rapidly pressed away from the grape 
skins, stalks, etc., in special wooden presses. The best presses are the screw 
presses made of wood or cast iron. The clear juice runs through holes in the 
floor into the wooden fermenting vats. 

If Red Wine is required, the stalks are carefully separated from the grapes, 
which are then macerated, and the mass allowed to ferment. When this occurs 
the alcohol generated extracts the red colouring matter from the fermenting grape 
skins, and the liquid acquires the fine red colour characteristic of red wine. 
Simultaneously a considerable amount of tannic acid enters the fluid. 

It should be particularly noticed that purple or red grapes if pressed away from skins before 
fermentation yield a white wine. The red colour is only obtained when the skins are left in 
contact with the fermenting liquid for a suitable time — several days — and the liquid is then pressed 
away from the residual grape skins. 

100 parts of grapes yield 60-90 parts of must, as the grape juice is called. 
The richest grapes are the first to yield juice when placed in the press. The juice 



Fig. 96. — Wine Press. . .v ,-uiics, Bristol.) 


obtained from the first pressing produces the best wine — the so-called “first wine.’’ 
The second pressing, using greater pressures, yields a must containing more acid, 
and from this is obtained the “press-wines.” The third pressing yields the “after- 
wines.” The residue or “ marc ” (German, Treber or Trester) is sometimes treated 
with water to yield an inferior wine. 


1,000 parts of ripe grape juice (must) contain, on an average : — 

Water .... ... 860-830 parts 

Sugar (dextrose and laevulose) .... 150-300 ,, 

Pectin, gums, colouring matter, albuminous matter, etc. 30-20 ,, 

A.sh - - - - - - 2.7-4 ,, 

100 parts of the ash contain : — 

Phosphoric acid - - - - - 16-14,, 

Potash 64-71 ,, 

Magnesia - - . ^ 5-2.5 ,, 


Fermentation of the Grape Juice. — The grape juice begins to spontaneously 
ferment within a few hours owing to the rapid development of wine yeasts. These 
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occur on the grape skins and stalks. They find their way naturally into the juice, 
and there rapidly develop, since the must contains a considerable amount of 
nitrogenous proteid matter and mineral salts which serve as an excellent food for 
the developing cells. In the more southern countnes the fermentation proceeds 
between 15**30* C. and is a top fermentation. Along the Rhine and in colder 
countnes usually a bottom fermentation takes place at io*-i2* C. in special wine 
cellars. As in the case of beer, the higher the temperature of fermentation the 
more rapidly it takes place ; the best products, however, are obtained at moderate 
temperatures. 

The yeasts (see Wine YeastS, p. 230) consist of various races of Saccharomyces 
elhpsoideusy and, naturally, those races which resist best a high alcohol and acid 
content come to the front and overpower inferior races. 

For many years pure wine yeast culture has been introduced mto the wme industry. 
Wortmann proved that different wme yeast types yield very different products as regards taste, 
bouquet, and aadity. Nevertheless, the taste and bouquet depend very much upon the type of grapes, 
the soil, degree of npeness, etc etc Pure cultures of the yeasts are always made from types found 
on the native grapes and in the resulting wines. 

Excellent results with pure cultures have been obtained by Wortmann in the manufacture of 
sparklmg wines (see Champagne), the isolated races producing very little turbidity and depositing 
as sediment on the cork A pure culture for the production of sweet wines has been introduced with 
success by Seifert These cultures are distinguished by their resistance towards a high alcohol and 
sugar content Owing to the great variability of wme yeast types and the extreme shortness of the 
season of wine fermentation, the wine yeasts are not cultivated m large apparatus as in the brewing 
industry, but only m small quantities in special mstitutes, e g ^ in Germany in the Siaatluhen 
Versuchsansialt 2u Geuenhetm The wine manufacturer propagates his yeast in about 12 1 . 
(3 gals ) of pure boiled must, and when this is m a vigorous state of fermentation, adds it to the 
bulk of his must This latter must not be previously sterilised by boiling ; as a rule, this occasions 
no inconvenience, for the added yeast develops so rapidly that it overcomes and suppresses not 
only undesirable wild yeasts, such as 5 apuulatus^ but also equally dangerous bacteria, especially 
acetic acid bacteria Pure culture wmes also clarify quicker and better than ordinary wines, and 
the bouquet of the young wine is generally better 

The Principal Period of Fermentation lasts three to fifteen days, and 
sometimes longer The fermentation takes place in large casks or butts, the bung 
of which usually remains open. A little air is required, much air eauses the 
development of acetic acid bactena and the sounng of the wine. The half- 
fermented wine (and also the must) is often consumed locally early in November, 
especially in the Rhine distnets. The fluid in this condition, however, will not 
keep, and must undergo a further penod of fermentation. Consequently as soon 
as the first vigorous fermentation is over, an “ afterfermentation ” is allowed to 
take place for several months. If the wine is white wine,” the cask is now filled to 
the bung with young wine and allowed to stand in the cask in which fermentation 
has taken place. If the wine is red — ue , if the fermentation has been allowed to 
proceed in the presence of the grape skins until their colouring matter has partially 
passed into solution-— the wine is at this stage drawn off from the grape skins and 
run into other casks and loosely bunged. 

Dunng this after-fermentation a sediment settles at the bottom and sides of 
the cask, consisting principally of potassium hydrogen tartrate (tartar) and yeast 
cells. The tartrate gradually crystallises out of the solution This residue, called 
“wine lees,” is worked up for tartanc acid (which see). 

Storing and Ripening of Wine. — When almost all the sugar in the young 
wine has fermented into alcohol and carbon dioxide, and the liquid has stood until 
clear, the young wine is run off into large oaken wine-butts, tightly bunged up, 
and allowed to “ripen” in a cool cellar. This “ripening” is a very important 
process, making the wine drinkable, and giving it its characteristic “bouquet” 
and taste The wooden walls are porous, and a small amount of oxygen filters in, 
while at the same time alcohol passes out and evaporates away from the wood. 
The volume of wine, therefore, slightly diminishes, and an air-space is formed over 
the liquid in the cask. If the air-s|mce becomes too large it must be filled in. 
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otherwise fungi will develop. In order to dimmish this loss of wine by evaporation 
attempts have been made to replace the wooden casks by non-porous vessels, made 
of glass or cement ; but such receptacles have always proved quite unsuitable. 

The bouquet is now gradually formed out of three different classes of sub- 
stances: (i) from pleasant smelling and tasting substances originally present 
in the grape ; (2) from similar substances formed during the penod of fermentation 
by the vital activity of the yeast ; (3) from wine-fusel oils, which are higher alcohols 
and by-products of fermentations. 

The various alcohols and organic acids present gradually unite during the period 
of storage, and form pleasant smelling and tasting esters. The wine, however, does 
not continue to indefinitely improve with storage. It reaches an optimum, and 
then begins to deteriorate in taste, for the esters continue to increase while the 
alcohol content diminishes. Very old wine has a decidedly unpleasant, oily, sour 
taste. The ripening is sometimes accelerated by repeatedly drawing off the wine 
from one cask into another, and thus aerating it (Racking) 

During this penod of ripening a turbidity appears in the wine, due to precipi^- 
tating albuminous substances and yeast cells. Before the wine can be bottled it 
must be clarified in such a manner that, once bottled, it remains clear This is 
achieved by adding ‘‘finings,” consisting of white of egg, gelatine, isinglass, ox 
blood, milk, or casein. These substances coagulate, and either sink to the bottom 
of the vessel, carrying with them all suspended matter, or nse to the surface, and 
are expelled through the bung hole. A better method of fining is to use a soluble 
sodium compound of casein (p^ yg), dissolved in 10-20 parts of water. No flavour, ^ 
precipitation complete 

“Plastering,’* or the addition of gypsum to the must, is said to improve the colour of red wines ; 
the gypsum combines with part of the water, and increases the relative proporUon of alcohol ; this 
retards the fermentation and gives a longer time for the extraction of the colouring matter. 
Hence the improvement in colour The calcium sulphate converts the soluble potassium salts into 
insoluble lime salts and potassium sulphate Wine thus treated, therefore, not only contains gypsum 
but also potassium sulphate, and a considerable percentage of sulphates has injurious effects on the 
human organism For this reason the addition of g>'psum to wine should be condemned 

Diseases of Wine — Wine is subject to several serious defects or maladies ; among these wr 
may mention . (i) The formation of Mycoderma vtnu which occurs as a growth covering the wine 
after moderate exposure to the air. It destrojs the flavour and renders wine flat (2) The growth 
of Mycoderma aceit^ which turns wine into vinegar. The acetic acid in noimal wine should not 
excera 0.2 per cent (3) Bitterness due to various mould organisms and bactena All red wines 
are very liable to this disease (4) The growth of the mould Otdtum vtnt, which results in a 
mousy smell and the destruction of colouring matter. (5) Ropiness or viscidity, caused by the 
growth of organisms such as Pedeococcus actdi lactxct^ Bactllus viscoses^ etc The wine becomes so 
viscous that It can be drawn out like birdlime. The disease is due to the decomposition of the 
lemaming sugar into mannite and mucilage It develops in wines deficient in tannin and alcohoL 
(6) Fonmess — the development of an unpleasant smell, due to the formation of HjS, mercaptans, 
etc. Due to the presence of too much sulphur in the wines ; it may be produced by the excessive 
use of sulphur as an antiseptic, or by an excess of albuminoid matter in the wine. Storage at too 
high a temperature is a frequent source of disease 

The best means of preventing the deterioration of wine is to preserve the most perfect cleanliness 
in all processes, apparatus, and vessels In its initial stages the malady may often be checked by 
lowering the temperature of storage, or by running the wine into casks whicn have been thoroughly 
disinfected by burning sulphur in them or by rinsing with a concentrated solution of sodium bisul- 
phite. The addition of other antiseptics, such as siuicjlic aad or bone aad, is reprehensive and 
in many countries illegal Pasteur introduced the process of “ Pasteurisatioii.” The bottled wme 
is heated to 60® C. in special \essels. This kills the injurious fungi and does not harm the wine. A 
higher temperature than 60® C destroys the fine taste In many districts alcohol is added to nine, 
as a high percentage of alcohol confers stability. 

Improving Wines — Only the very best varieties of wines are consumed 
unchanged as they come from the wme producer. Almost mvariably wines are 
blended or mixed with other wmes, chosen in such a way as to neutralise their 
defects. Thus sour wines are blended with sweet, wines with a poor aroma are 
blended with wines with a rich fine bouquet, thin wmes with full bodied, etc. etc. 

The following chemical methods of improving the quality of wine must and 
wines are in use : — 

(a) Removal of Acidity. — Excess of acid in a wine is very detrimental to 
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its flavour. ChaptaVs method of reducing acidity is to add pulverised marble or 
pure calcium carbonate. 6o parts of free acid as a rule require 50 parts of calcium 
carbonate for neutralisation. If the acidity is due to tartaric and malic acid, the 
method is very successful, a part of the acid being precipitated as calcium tartrate, 
and the wine retains only a very small amount of the calcium salt. CaC08, however, 
is of no use m the case of acetic acid fermentation, since the calcium acetate 
formed is soluble and remains in solution 

Sugar of lime (slaked lime + sugar water, decanted from undissolved lime) 
and neutral potassium tartrate are also used for removing acidity The latter 
combines with the tartaric acid to form potassium bitartrate, which settles as an 
insoluble salt on the sides of the vessel. 

According to Gall, a normal must should consist of free acid o 6 per cent , 
sugar 24 per cent , water 754 per cent The total acid, calculated as tartaric acid, 
should be within the limits o 4-1.5 per cent 

{b) Addition of Sugar — Many wine musts are poor in sugar, this is 
especially the case in a wet or cloudy season A good wine must should contain 
20-24 per cent of sugar, and when deficient in this it is often the custom to add 
to the must the proper amount of invert sugar to bring it up to the 
standard. The addition of starch sugar (glucose) is not suitable, and is illegal 
in many countries. It has been found that 15 per cent of sugar in the must 
produces 7.5 per cent of alcohol in the prepared wine Consequently the amount 
of sugar to be added, when the acid is in excess, is 2 parts for each 1 part of 
additional alcohol required in the finished wine 

(r) The Addition of Alcohol — The presence of a higii percentage of alcohol 
in wine makes it stable For this reason, Madeira, Sherry, Port, etc , before export 
have usually alcohol, in the form of brandy or spirits, added to them in such a 
quantity as to raise the alcohol content to over 20 per cent Although certain 
wine yeasts are capable of completely fermenting a 30 per cent must, yet it may 
be taken as a rule that wines containing more than 15-17 per cent of alcohol have 
had alcohol added to them 

From what has been said above it will be seen that the value of a wine increases with the 
amount of alcohol contained in it, and diminishes — within certain limits — with the amount of acid 

ChaptaVs Method (1800) of improving wines and wine musts was (a) to neutralise the 
excess of acid with marble (50 marble to every 60 of acid) , {b) to add sugar to the must in 
quantity sufficient to render the must normal, and thus restore the amount of alcohol to its proper 
amount in the finished wine (2 parts of invert sugar for every i part of alcohol required) 

Gall’s Method is to {a) reduce the amount of acid by diluting the must with water ; {b) to add 
the proper amount of invert sugar to render the must normal 

An example will make this clear Suppose a grape must contains 10 per cent of sugar and 
2 per cent of aqid To make it normal we should require the addition of sugar and water to it 
m such amount as to reduce the acid to (say) i per cent and increase the sugar to (i»ay) 20 per 
cent Since 2 parts of acid are contained in 100 parts of must, we should dilute the volume to 
200 in order to reduce the percentage of acid m it to i per cent Then 200 parts of the diluted must 
contain only 10 parts of sugar Hence to raise the percentage of sugar to 20 per cent , we add* to 
U 30 parts of sugar. The must would then contain 20 per cent sugar and i per cent acid It 
should be noted, however, that in the different countries there are different legal limits to which 
the dilution may be earned. Thus m Germany water may only be added in quantity sufficient to 
reduce the extract to x 6 per cent in the case of white wine and i 7 per cent in the case of 
red wme 

Petiof 8 Method IS based on the fact that the colouring and bouquet constituents remaining in 
the grape skins (marc) after the removal of the must are sufficient in amount to impart the colour 
and flavour of wine to a solution of sugar. The method, m fact, is an attempt to obtain a wine 
without the aid of grape juice To the pressed grapes (marc) cold water is added in amount equal 
to the removed must, and the whole allowed to mix during two to three days, during which tune the 
water takes up the various soluble constituents of the marc. The hquor is now pressed off, and 
the amount of sugar and acid it contains is determined There is usually only 2-3 per cent of 
sugar. Consequently an addition of 17-20 per cent of sugar is made to render the must normal. 
If th^e IS too little acid, tartanc add is added to approximate to the acid contents of a 
formal must 
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The artificial must thus obtained is then fermented in the usual way ; while the nape skins are 
again treated as before, a longer immersion, however, being now made The resisting wines are 
usually darker in colour than natural wines, and contain much tannin. They are usually artificially 
flavoured. Petiot’s method is used in France, but is illegal in Germany 

Freezing Wines is employed for the purpose of reducing the aqueous contents, the water 
freezing out first, leaving an alcohol -nch fluid behmd When wine is cooled to o 6* C., a precipitate 
of potassium tartrate, nitrogenous substances, and colouring matter is formed, ^^en diis 
precipitate is removed, the wine, enriched in alcohol, is not liable to after-fermentation, and can 
oe kept in vats and half empty casks. 

Scheele adds glycerol (limits 1-3 1. per i hi of wine) to wine. 


Different Kinds of Wines 

Effervescing Wines — Champagne — The bulk of champagne comes from 
France (1903, 35 million bottles, Germany produced in 1904 about ii million 
bottles). The method of manufacture is as follows . Only best quality grapes are 
used, and the juice is expressed as rapidly as possible in order to prevent the wine 
taking colour from the grape skins. The juice from the second or third pressings 
IS used for making inferior or red-tinted effervescing wines The expressed juice 
IS allowed to stand twenty-four to thirty-six hours in vats, whereby any earthy 
matter, etc., is deposited The juice is then run into the fermenting tanks and allowed 
to ferment for about fifteen days It is then put into securely bunged casks, some- 
times with the addition of brandy (i bottle to 100 bottles of juice) At Christmas 
the wine is fined with isinglass, and again in February. In April the wine is 
bottled. It should contain 16-18 per cent sugar, 11-12 per cent, alcohol (by 
volume), and free acid equivalent to 03-0570 H2SO4 Before bottling it is mixed 
with 2 per cent of pure cane sugar in solution and some yeast, securely corked, 
allowed to ferment again at 24® C , and then allowed to lie honzontally in bins for 
one to two and a half years The bottles must be specially strong and without 
flaw, for the pressure of the CO2 m them rises to 5-6 atmospheres. Nearly 5 per 
cent of the wine is lost by the bursting of the bottles During the summer a 
deposit of yeast is gradually formed. In the following winter this is removed by 
placing tl!e well-cooled bottles mouth downwards in special shaking machines 
and shaking repeatedly, when the deposit settles on the cork The cork is 
opened for a moment, when the yeast is instantly shot out , a quantity of liquor, 
consisting of a solution of sugar in cognac, is now rapidly added, a new cork 
inserted and securely wired on If the wine is still not clear the process must be 
repeated The last lot of sugar added does not ferment owing to the absence of 
yeast The wine must be perfectly clear. The carbon dioxide is chemically 
combined in the fluid, and should slowly escape from the cooled wine in small 
“ pearls The composition of sparkling wines varies widely The following are 
typical analyses : — 


Parts of Wine Contain. ' 

Sample i. 

Sample 2. 

Free acid (counted as H2SO4) - - - 

Alcohol 

Sugar 

Extractive matter 

Specific gravity 

Per Cent 

2 53 

8 40 

430 

7 50 

I 029 

Per Cent 

0 78 

9 80 

9 10 

15 20 

1 041 


All wines are capable of being produced as effervescing wines if the bottling is 
performed before the fermentation is over; for the carbonic acid is retained in the 
wine, and, on opening, the rapid disengagement of gas causes effervescence. Not 
only genuine champagnes, but also Hocks, Moselles, and red wines, may be thus 
treated with good results. If the wine contains much sugar, the fermentation i» 

19 
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arrested in the bottle before all the sugar is consumed, and the result is a sweet 
effervescing wine. If, however, the sugar is all exhausted in producing COj and 
alcohol, dry effervescing wine is produced. Dry effervescing wines usually agree 
better with the digestion than sweet wines. 

Cheap imitation champagnes and sparkling wines are now manufectured by pumping in COi 
under pressure. They usually become turbid on keeping, and the CO2 in them is not so stably 
bound as in genuine champagnes. 

Most Sweet Wines, Dessert Wines, and Medicinal Wines are artificial 
products. In other words, they are not obtained by the natural process of 
fermentation of fresh grapes, but more or less alcohol or sugar is added. The 
best-known types of sweet wines are : Tokay, Port, Sherry, Madeira, Malaga, etc. 

Tokay is obtained from npe mpes which have been allowed to partially dry, either on the 
vine tree itself, or on straw after fucking, so that the sugar is unable to completely ferment 

Port Wine is obtained by fermenting the must down to 6-8 per cent of sugar, and then 4-7 
per cent of alcohol is added to arrest furmer fermentation The wine then contains 14*15 ^r cent 
of alcohol In the spring the wine is racked, and 2-3 per cent more alcohol added. The final 
product contains 20-24 per cent of alcohol By suitable ** blending,” the best results are obtained 

Sherry Wine is made from several varieties of white grapes of Andalusia, Spam After each 
pressmg of the grapes the wme is “plastered” with gypsum. The must is fermented to 8-10 per 
cent sugar, and alcohol is added to brmg the percentage up to 16-18 per cent Sherry wine is 
usually npened by “ baking” the wme by natural or artificial heat The filled wine casks are placed 
m tiers m a building with roof and side of glass The temperature m the sherry house is as high as 
60® C , and at night time is maintained by fires 

Different Kinds of Wines — The following is a list of the best-known wines, arranged 
according to the country of production . — 

I. French Wines. — Barsac, Burgundy, Chablis, Champagne, Claret, Frontignac (Muscat)* 
Graves, Hermitage, Medoc, Roussillon, Saumur, Sauternes, etc 

2 German Wines.— Rieslmg, “Rhine,” “Moselle,” and “Pfalz” are applied to wines made 
in the respective distncts. “ Hock ” is also the name of certain Rhine wines 

3. Italian Wmcs. — Asti, Barbera, Barolo, Capri, Chianti, Falemo, Lacryroa Chnsti, Marsala, 
Muscat of Syracuse, Nebbiolo, Valtellina, etc 

4. Austria-Hungarian. — Ausbruch, Goldeck, Tokay, Voslauer. 

5. Spanish. — Malaga, Sherry, Val de Penas, Vinos Tmtos 

6 . Portuguese. — Carcavellos, Collares, Lisbon, Ports. 

7. Madeira and Canary Islands — Canary (sack), Madeira, Malmseys, Malvasia. 

8. Swiss. — Gnnget, Montreux, Neuch^tel. 

9. Greek. — Cormth, Hymettus, Kephisia, Noussa, Patras, Santorm, etc. 

10 Turkish — Candian (Crete), Cyprus, Mt Lebanon, etc 

II. Russian. — Cnmean, Donski, Kakhetian (Caucasus), Krimshi. 

12. Persian.— Shiraz 

13 Australian. — Australian Burgundy, Hermitage, Port, Sauteme, etc. 

V4. South African. — Cape Madeira, Constantia 

15. American. — Californian Port, Champagne, etc. 


Alcoholic Strengths of Wines — These vary somewhat The following numbers are typical 



Specific 

Gravity. 

Alcohol per Cent 
by Volume 


Spea6c 

Gravity 

Alcohol per Cent 
by Volume. 

Burgundy 

09913 

10.5 

Port (natural) - 

0.9992 

14-5 

Champagne 

I.OI09 

10.4 

„ (fortified) - 


21.5 

Claret - - 

09950 

9.6 

R^e • 

0.9928 

X0 2 

Marsala - 

0.9959 

16.0 

Sherry - 

09859 

16.0 
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Wine Production of the World. — The followup figures show the quantity of wine produced 
by the leading wme-producing countnes of the world & the year 1909, 

Vintage for 1908 and 1909 


Country. 

Hectolitres. 

Hectolitres * 

Country. 

Hectolitres. 

Hectolitres.* 

France - • - 

Italy ... 
Spain - - - 

Algeria - 
Austria - 
Portugal - 

Hungary and neigh- 
bounng lands 

X908. 

60.545.26s 

47,868,000 

18,556,717 

7.803,734 

8,399.964 

3.900.000 

5.500.000 

1909 

54,445,860 

41.398.000 

14. 767.91* 

8,228,719 

4.500.000 

3.100.000 

1.925.000 

Russia 

Germany - 
Greece 

Turkey and 
Cyprus 

Argentine - 
United States 
Switzerland 

1908 

2,800,000 

3.135.953 

2.800.000 

1.800.000 

1.250.000 

1.197,951 

1.200.000 

1909 

2.400.000 

1.900.000 

2.200.000 

1.500.000 

1.100.000 

1.500.000 

1.010.000 


* I hectolitre = 1,000 litres =220 i gallons. 


The English import of wine in 1910 reached I3»735,ood gals , value ;£‘4, 249,000. The 
export was 798,000 galls., value ;^468,ooo The United States in 1910 imported $6,300,000 
champagne and $6,605,000 still wines. The export was $225,000 California produced 
130,000,000 gals. ; State of New York, 22,000^000 gals. ; Ohio, 1^,600,000 gals. Invested 
capital, $100,000,000. For statistics regarding Mineral Waters, Fnut Wines, etc., see p. 250. 


FRUIT WINES, Etc 
LITERATURE 

J. M Trowbridge — ** The Cider Maker’s Hand-Book ” New York, 1890. 

Antonio dal Piaz — ** Die Conservierung von Traubenmost, Fruchtsaften, und die 
Herstellung alcoholfreier Getranke ” Vienna, 1902 
,, ,, “ Die Obstwembereitung ** Vienna, 1894. 

HeNri Alliot — “ La Cidrene Modeme ” Malz6ville-Nancy, 1902. 

Dk Boutteville et Hauchecorne. — “ Le Cidre.” Rouen, 1875. 

Audibert. — “ Vins d’lmitation.” Pans, 1900 
„ “Vins de raisins secs.” Pans, 1891. 

Dochnahl. — ** Klinstliche Weinbereitung ” Basel, 1895. 

Wine is usually prepared from grape juice merely because it is the richest in sugar, contains 
pleasant-tasting organic acids, and 3 ie fermentation is easy to carry out ; moreover, the product is 
very stable. Nevertheless the juices of other fruits, such as apples, pears, goosebemes, currants, 
elderberry, figs, rhubarb, etc , can also be fermented, and if sugar is add^ to the juice until it 
contains about 20 per cent, excellent wines may be obtained. Sometimes nitrogenous foodstuffr 
must ht added to the juice to cause the yeast to properly grow 

In Germany t France, and England a considerable amount of dder (** apple-wine”) is pro- 
duced by the fermentation of apple juice. France produces nearly 20,000,000 hi of cider 
yearly. Cider is distinguished from grape wine by the absence of tartanc and citric acids. It may 
contain 5-6 per cent of alcohol. If a moderate proportion of tartaric acid is added to cider the 
product carmot be distingmshed from wine. In gooseberry, currant, and other fruit wines tartaric 
and cifric acids are usually absent 

Palm Wme is fermented juice of the si^ar palm, and is largely consumed m tropical oountnes. 

Sakd IS an alcoholic drmk made from rice by the Japanese and Chinese. The nee is sacchanhed 
by means of the mould A^trptllm oryza (see pp. 226, 286), and the liquid fermented by another 
yeast mould called ** Mots.” Sak^ contains 10-15 per cent of alcohol and little extract or CO*. 

Aerated and Mineral Waters (Artificial) are made by forcing carbonic 
acid gas into water (best distilled) in which various salts and flavouring matters are 
dissolved. Saturation with COg is usually carried out under 5 atmospheres 
pressure, the CO2 being now usually supplied in a liquid form in steel cylinders. 
At one time — and to some extent at present — special apparatus were employed 
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in which the COg was generated, the generators being usually of copper internally 
coated with lead or earthenware, and the CO2 was obtained by the aid of HCI 
or HjSO^ on marble, chalk, magnesite, etc. The gas is always purified by passing 
through (a) water, {b) NaOH, {c) FeS04 and NaHCOs (to remove HgS), {d) KMn04. 
For the apparatus employed see the special works below referred to. 

Lemonades contain sugar, citric, or tartaric acid and sometimes scents* 
Ordinary ‘‘Seltzers^’ consists of cryst. NagCOg (25) +NaCl (5) +Na2S04 (cryst.) 
(6) + 10,000 HgO Apollinaris »2i7 NaHC 08 + 4S NaCl + 2.8 Na2Si08 + 
29 CaCl2 + 42.8 MgC08+i6.7 MgS04 + 3 FeS04 7H2O+ 1.7 HCI, all dissolved 
in 100,000 water. 

The finished waters usually contain CO2 under a pressure of i J-2 atmospheres* 

Literature —SULZ, Beverages” (New York, 1888); Kirkby, “Artificial Mineral Waters’^ 
(Manchester, 1902); Tenim, “ Limonaden u. alkoholfrein getranke ” (Vienna and Leipzig, 1909);. 
Fritsch, “Eaux et Boissons gazeuses” (Paris, 1906); Hirsch-Siedler, “Kunstlichen Mineral- 
wisser” (Braunschweig, 1897); Hermann-Lachakelle, “Boissons gazeuses” (Pans, 1891)? 
Goold, “ Aerated Waters ” (London, 1881). 

Statistics. — England imported in 1910 Aerated and mineral waters, 1,694,000 dozen bottles, 
value ;f34i,ooo; cider and perry (sugar free), 261,000 gals, value ;^8,ooo; wine, 13,735,000 
gals , value ;^4, 249,000 

^ The export in 1910 was . Aerated and mineral waters, 1,438,000 dozen bottles, value ;^235,ooo; 
wine, 798,000 gals , value ;f468,ooo The United States in 1910 imported cherry juice and 
other fruit juice, 38,000 gals (value ^27,000) ; prune juice, 24,000 gals, (value $18,000) ; cider, 
8,000 gals (value $8,000) , lemonade and soda water, 66,000 doz pints (value $55,000) The 
United States export of cider sank from 344,000 gals (value $54,000) in 1906 to 6,000 gals (value 
$2,000) in 1910 The export of fruit juice was $52,000 in 1906 and $85,000 in 1910 Only $2,000 
of mineral waters were exported in 1910 


Chemical Analysis of Wine 

For details readers should consult the special works mentioned above, especially the article on 
“Wines and Potable Spirits” in Allen’s “Commercial Analysis,” vol 1 (1909) The following is 
a summary of the methods employed — 

1 Alcohol Percentage — The natural wines contain 7-12 per cent , seldom over 15 per cent 
Certain Spaiush and Portuguese export wines, eg^ Port, contain 20-23 per cent (“Fortified” 
wines). The alcohol is determined by distillation 50 c c of wine are mixed with 25 c c of water 
and distilled until 50 c c. of fluid has passed over The alcohol is determined in the distillate by 
taking its specific gravity by means of tne Pyknometer (15* C ), and then using special tables (^^ ^ 
Wmdisch’s) 

2 Extract is the substance which remains behind on evaporating the wine to dryness on the 
water bath In natural wines it amounts to i 8-2 5 per cent , and should never be less than i 6* 
per cent. It is determined by evaporating 25 or 50 c c of wine to dryness, first to a syrup on the 
water bath and then for two hours in the steam oven Also from the specific gravity of the original 
wine and of the alcoholic distillate. If specific gravity of the wine, and S' = specific gravity of 
alcoholic distillate (see l), then percentage extract (in grams per icx) c c )=:(S S') + o 00386 

3 Sugfar. — Ordinary dry wines contain very little sugar, but sweet wines often contain several 
per cent , usually as invert sugar The amount of invert sugar is obtained in the usual way by 
Fehling’s solution, the wine being first neutralised with NaOH and decolourised by basic lead acetate 
solution. The cane sugar is determined by hydrolysing 50 c c of the clarified and neutralised 
wine with HCI, and then estimating by Fehling’s solution. The total titration, less than that due 
to the invert sugar, gives the amount of cane sugar The amount of impure starch sugar (which is- 
accompanied by dextro-rotatory non-fermentable dextrine) is found by fermenting it and taking the 
specific rotation. For details see Allen’s “Commercial Analysis.” 

4. Free Acids. — Reckoned as free tartaric acid, the total free acids usually amount to o 4-1. a 
per cent of the wine In France it is customary to calculate the acidity as equal to so many grams- 
of sulphuric acid per 1,000 c c To determine the acidity the hot liquid is rapidly titrated with 

H NaOH, using htmus paper as indicator. The Volatile adds, which, counted as acetic acid, 
amount to o. 1-0.2 per cent, is determined by distilling 50 c.c. of the wine in a current of steam free 
from COa and titrating with ~ NaOH, using phenolphthalem as indicator. The total amount of 
tartaric acid present is found by precipitating with potassium acetate and alcohol. 
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5. Mineral Salts. — Wmes seldom contain less than 0.15 per cent, of mineral salts. Wines on 
tlie average contain about o x per cent, of K2SO4. More than o 2 per cent is held to be evidence 
of “ plastering,” 1 ^ , the addition of gypsum to the must In Germany and France wines containing 
more than o 2 per cent K2S04= 0.092 per cent SO3 are illegal. In France wines must not contain 
more than o i per cent NaCl. 

6 Sulphurous Acid must not in France and Switzerland exceed 200 mg per 1,000 c c Free 
sulphurous acid must not exceed 30-20 mg per 1,000 c c. 

7. Glycerol lies, usually, between o 4 and i per cent , sometimes o 16-1 4 per cent 

8. Foreign Colouring Matters. — Coal-tar colours are usually detected by boiling cleaned 
wool (previously mordanted with alum and sodium acetate) with wine The foreign colours are 
precipitated on the wool and are examined by the usual reagents Coal-tar colours are also detected 
oy the lead acetate test (see Allen), by Cazeneuve’s mercuric oxide test, by extracting with ether 
before and after supersaturation with ammonia, and by extracting with amyl alcohol The artificial 
addition of bilberry or other fruit juices — which contain natural colouring matters very similar to that 
in grape skins — is, however, very difficult to detect 

Brandies from Wme — These are obtained either by directly distilling the marc (fermented 
grape skins) or second wines derived from it. The best kinds of brandy, “ cognacs,” are obtained 
by distilling good wine The wash for brandy spirits is obtained by running water into a tank filled 
with the mash, the overflow running into other similar tanks The fluid is distilled when it contains 
over 5 per cent alcohol See under Spirit Manufacture 

Wine Fusel Oils vary very much in composition, acr-rding to the nature of the must, their 
fermentation and storage They occur in wines, but also, and to a far larger extent, m genuine 
cognacs (obtained by distilling wine) Of the following samples the first was obtained by distilling 
an old cognac, while the second was obtained from the fermentation of a cane sugar solution with 
wine yeasts — 

Composition of Wine Fusel Oils (after Osi) 


I In 100 L 

Normal butyl alcohol 

Cognac 

218 6 

g- 

2 From 100,000 g 

Alcohol - 

Cane Sugar. 

- 50,600 g. 

Amyl alcohol 


838 

>) 

Glycerol - - - 

- 2,100 „ 

Normal propyl alcohol - 


40 0 

>> 

Succinic acid - 

452 >» 

Ethyl acetate 


350 


Acetic acid 

205 „ 

Acetal - - - - 


350 

)> 

Isobutylene glycol - 

158 » 

Esters of fa^ acids 
Acetaldehyae 


7 0 

}) 

Amyl alcohol • 

• 51 ». 


3 0 

>» 

Normal propyl alcohol 

“ 2 n 

Heptyl alcohol 


I 5 

a 

Isobutyl alcohol 

• 1-5 g- 

Hexyl alcohol 


05 

ft 

Esters of organic acids 

■ 20 „ 

Amine bases - 


40 

>1 




The Wine fusel oils are either obtained by the fractional distillation of fermented grape skins or 
wine lees (marc), when they are known as “cognac oil,” or “grape oil ” They are sometimes 
artificially made for adding to brandies and cognacs (see p 384) It will be noticed that they 
are entirely different in character to the fusel oils obtained from whisky or potato spirit manu- 
facture (see under Spirits, pp 312, 298), 
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IV.— BEER 

By C H. Griffiths and G Mariin, Ph.D., D.Sc. 
LITERATURE 

W. J. Sykes and A. R. Ling. — “ Pnnciples and Practice of Brewing.’* London, 1907. 

H. E. Wright. — “ Handy Book for Brewers.” London, 1907 

R Douglas Bailey. — ** The Brewer’s Analyst ** London, 1907 

F. Thatcher.—** Practical Brewing and Malting ” London, 1905 

Adrian J. Brown — ** Laboratory Studies for Brewing Students.” London, 1904. 

F. Faulkner — “ Modern Brewing ” London, 1888 

E. R Southey. — ** Practical Brewing.” London, 1889 

M, Dslbruck. — ‘*Brauerei- Lexicon.** Berlin, 1910 

J. E. Thausing. — ** Malzbereitung u Bierfabnkation ” Leipsic, 1898. 

C. Michel — ** Lehrbuch der Bierbrauerei ” Augsburg, 1900 
C Moreau et L. L6vy. — ** Fabrication des Bi^res ” Pans, 1905 
H. Stopbs.— ** Malt and Malting ** London, 1885 

E. Hantkb — “ Handbuch fUr den Amencanischen Brauer u. Maker ” Bd. 1. a it 
Milwaukee, Wis., U.S A , 1897 
O. W. Vilubrs. — ** Brewing Calculations.** London, 1887 
Matthew and Lott.—** The Microscope m the Brewery ” London, 1889 
Moritz and Morris. — ** Text-book of the Science of Brewing.” 

Wahl and Henius — ** Handy Book of Brewing and Mailing.** 
l<mm. Inst contains numerous excellent papers 

Beer is an alcoholic beverage obtained from malt, hops, and water. It differs 
from wine and spirits in containing less alcohol (3-6 per cent ) and being 
ncher in extracts (4-8 per cent.). 

Statistics Relating to Beer —The following numbers show the production of beer in the 
principal countnes of the world, and also the amount of beer consumed per head of the population. 
It will be seen that the United States is now the greatest beer-producing nation {Ost) — 


Country. 

Production in 
Millions of 
Hectolitres.* 

Consumption per 
Head of the Popula- 
tion in Litres 

United Slates (1909) 



660 

70 

Germany (1909) 



64.8 

100 

England and Ireland (1907) - 



583 

126 

Austria (1908) 



204 

73 

Belgium (1908) ... 




2 X 0 

France (1905) ... 




35 

Russia (1904) ... 




5 

Italy (1905) .... 


- 

024 

I 


• 1 hectolitres: 100 litres — 22 01 gallons ; 1 barrel » 36 gallons. 

In 190809 in the United Kingdom there were 4,667 brewenes ; these produced 34,953,274 barrels. 
The duty levied on each barrel of beer was 7s 9d , the total revenue raised being ^ 13, 144,445. 

The amount of material used in 1908 for brewmg in the United Kingdom was : — 

Malt, 50,^,923 bushels. I Sugar, includmg its equivalent of syrup, 

Unmalted com, 01,069 bushels. I glucose, and saccharum, 2,883,269 cwt 

Rice, maize, flaked nee, etc., 1,278,988 | Hops, 62,971,755 lbs. 

cwt. Hop substitutes, 4,479 lbs. 
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In Germany {NorddetUschen Brausteuergebtete) during 1909 the folio wmg quantities of raw 
products were used m brewing 38.4 million hectolitres of beer , — 


Barley malt- . . . . . 

Wheat malt ------ 

Rice (raw) 

Sugar and (little) syrup and other malt substitutes - 


6)650,000 dz.* 


94*200 „ 

83,300 „ 
47,200 „ 


The largest German brewery (Schultheiss) used in 1909 no less than 240,000 dz * malz. 

Within recent years small firms have been steadily diminishing and large ones mcreasmg. In 
1874 there were in the United Kingdom no less than 34,000 brewenes, whereas now the number is 
4,^7. The largest English brewenes are : Guinness & Co , Dubhn (capital 7,000,000 ; over 
2,000,000 barreb), Bass, and Allsopp, in Burton-on-Trent (the first having a yearly output of between 
one and two million barreb) In 1899 the amount of capital invested in brewenes m the United 
Kingdom was over ;^240, 000,000 

On the Continent the largest brewenes are Dreher in K 1 Schwechat-Wien, Schultheiss in 
Berhn (1,000,000 hL). Munchen yields 3,000,000 hi. ; the brgest brewery m the town being the 
Lbwenbrau (320,000 barreb). In Northern Germany, each hectolitre (100 I. =s22 01 ^b ) to 
pay a duty of 2.4 m. (1909), and in Bayern, 4 S’m The total revenue denved from uus b^r duty 
for the whole German Empire was in 1909 154,000,000 m (20 m =;^i)* 

The capital invested in the American brewing industy in 1909 was $671,158,000, being an 
increase of 30 per cent, in five years. The value of products was $374,730,000 in 1909. The 
number of brewenes was 14,100 The average capital per establishment was ^75,000 m 1909 
against $337,000 in 1904. 223 breweries in 1910-11 were eqmpped with pipe lines for conveying 
l«er to the iMttling premises. The duty paid for ale, beer, lager beer, porter, etc., for 1910-11 was 
$63,216,851. The total production of malt liquors in 1910-11 was 63,283,000 barreb, against 
40,517,000 barreb in 1901-02 


Outline of the Theory of Brewing. — Most com grams consist of about 
60-65 per cent of starch, a complex hydrocarbon of the constitution (Ci2H2oOi0)2o 
(Brown and Moms) Starch, however, will not undergo alcoholic fermentation. It 
must first be broken down into simpler carbohydrates. This is achieved by allowing 
the grain to germinate (malting). Durmg the process of malting the enzyme diastase 
IS formed. This is capable of attacking the starch, breaking it down into the 
sugar maltose, CigHgaO^, and into dextnn (Ci2H20Oi0)2o The diastase is soluble 
in water, and acts best between 4o®-6o® C. Consequently the germmated grain 
(malt) is crushed or ground and mixed with hot water (“ mashed ’’) m order to let 
the diastase act freely on the starch This it does, the bulk of the starch being rapidly 
converted into maltose. The solution is now boiled to destroy the diastase, and yeast 
is added. This, and also malt, contains an enzyme called maltase which rapidly de- 
composes the maltose, C12H22O1P into 2 molecules of the simpler sugar, dextrose, 
CgHj^Og. (C12H22O11 4 * H2O = 2C0HJ2O0) ; then another enzyme contained in the 
yeast, Buchners “ Zymase,” rapidly converts the dextrose into alcohol and carbon 
dioxide : (C^HigO^ « zCjH^OH + 2CO2). The resultant beverage is known as beer. 

The gram used for conversion into malt is barley Sometimes, however, other 
sorts of gram are mixed with the malt in the mashing process, the diastase of the 
malt being able to attack their starch 

From this short description it will be seen that the manufacture of beer 
naturally resolves itself into three distinct processes — 

1. The preparation of malt, />., germinated barley. 

2. The preparation of the wort, or fluid which is to be fermented. This stage 
of manufacture may be further divided into (a) the mashing process, or the mixing 
of the ground malt with hot water and its saccharification ; (^) boiling and hopping 
the wort to destroy the diastase; (r) cooling the wort. 

3. Fermentation of the wort and storage of the resulting beer. Each of these 
processes will now be described in detail. 


THE PRODUCTION OF MALT 

Raw Materials used in Brewing.— Barley is the gram mostly used for 
making malt for lager beer, ale, stout, vinegar, and yeast-makers* or distillers* mash, 
while wheat malt is used in Germany and V S.A. in the production of Weiss-bier, 


1 dz. SB 100 kg. ssabout A ton 
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Commercial cultivated barley belongs to the genus Hordtum^ and species 
Hordeum satwum. Four leading types or sub-species of barley are met with in 
commerce, viz. : * — 

1. Hordeum distichum.-^Tht^t are two-rOwed barleys^ with a narrow ear and 
a comparatively long distance between the corns. Well-known varieties are: 
Chevalier, Kinver, Archer, Hallett, Hanna, Black and White Ocichae. 

2. Hordeum zeocriton — These are two-rowed barleys^ with a wide ear and a 
comparatively short distance between the corns. Varieties : Goldthorpe, Peacock, 
or Fan Barley. Standwell and Invincible are hybrids resembling Goldthorpe. 

3. Hordeum vulgare. — These are six-rowed barleys^ with narrow ear and a com- 
paratively long distance between the corns. Varieties Scottish “ here or ** bigg.'' 
Most “ Light Foreign " six-rowed barleys are mixtures of white and blue H vulgare, 

4. Hordeum hexastichum. — These are six-rozved barleys with wide ear and short 
distance between the corns. Varieties. Chilian six-rowed barley is a mixture of 
white and blue H, hexasiichum. 

Other Raw Materials. — In Germany, as a rule, only malt is used for 
brewing. In America, however, and to a lesser extent in England, a considerable 
quantity of raw grain is mixed with the malt, especially maize or rice. Since the 
malt is very rich in diastase there is enough diastase present not only to saccharify 
the starch in the malt, but also that in the added raw grain. In Germany some- 
times rice is mixed with the malt in making top-fermentation beer. The beer 
thus produced acquires a peculiar taste, and loses in stability. 

In England and America, and to a small extent m Germany for special kinds 
of top-fermentation beer, various kinds of sugar, especially cane sugar, starch 
sugar (glucose), syrups, etc., are added to the malt The complete fermentation 
of the pure sugars increase the amount of alcohol in the beer, leaving unaltered 
the amount of extract. Starch sugar and syrups, however, which contain non- 
fermentable isomaltose and dextrine, enrich the beer in extract. Hops are added 
to the beer to give it a bitter flavour and preserve it The world's production 
of hops amounts to about 1,000,000 cwt. yearly, England importing about 

200.000 cwt (value about ;;^8oo,ooo). The USA import in 1910 ampunted to 

3.200.000 lbs. (value $1,500,000), while the export was 10,600,000 lbs. (value 

$2,000,000). The hops used in brewing consist of the npe female flowers of 
the Humulus lupulus^ also H. Amencanus and other varieties. Male flowers exist in 
English hop gardens because a bigger yield per acre is obtained In Germany the 
presence of male hops is not tolerated Unfertilised hops are finer. See Salmon, 
Journ, Inst Brewings xxiii , 60, 1908, xiv, 309 

The sticky yellow dust, known as “hop-flour” or “lupuhn,” attached to the lower inside bate 
of the bracts of the hop cone, contains the resins, volatile oils, and bitter substances which are of 
value to the brewer. Hence hops are valued by their content of lupulin (hop flour), which may 
amount to 10-15 cent, of the hops. The resins are acid in nature (lupulin acid, hop bitter acid), 
very soluble in etner, partly soluble m petroleum, and very sparingly soluble in water. They arc 
divided into a-, jS-, and 7- resins, the first two resms being known as “soft resms,” and contain the 
bitter and antiseptic substances which destroy bacteria, which otherwise easily multiply in unhopped 
beer. See, however. Power, Tutm, and Rogerson,yi7«/w Inst. Brewings 1913, xix , 392; Brown 
and Cinhht /oum. Inst, Brewings 191 3 t xix., 261. 

The pleasant aroma given to beer by the hops is due to a volatile essential oil (“Hop oil’*), 
amounting too.2-0.8 per cent, in good hops, and consisting of tcrpenes, CjoHic valcral, C4H9.CHO, 
etc , etc. Hops, on keeping, lose their pleasant aroma owing to the conversion of the valeral into 
valenc acid, C4H^COOH. The tannin in the leaves of the hops is valuable in that it precipitates 
albumen and hence helps to clear the wort 

Hops are rendered preservable by drying m kilns and treating with SO^ fumes (sulphur being 
thrown on the fire of the drying kiln)^ana packed m sacks or zinc boxes in a cool place. 

Testing the Barley Gram. — The barley, as bouglit m the open market, should be dry, heavy 
(55-56 lbs. to the bushel), even in size, pale yellow m colour, sweet in smell, with a thin skin. It 
should be rich in starch, but poor in nitrc^en, free from broken grains, also few bacteria and moulds. 
It should be as free as possible from steely grams and have a good germinative power. The per- 
centage of “steely grams” is usually determined by a simple instrument called a ** Farinator.” 
The corns to be tested are placed m a tray containing fifty holes ; a slight, shake fills each hole with 

* See E. S. Beaven, “ Varieties of Barley, Inst, Brewings 1902, viii., 547. 
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Malting 

Theory of Malting — ^When barl^ is moisteined 
and kept at to iS C for some hours il begins to 
germmate When this octars Messrs Brown Moms 
and O Sullivan have shown the en/ymes dmi^cand 
cytase are prodntmg m considerable quantity in the 
developing germ a (Fig 98) lie l^mse dissohes 
the ctlhilosc membrane ^ which divides the starchy 
matter m the endosperm a from the germ » The 
diastase can thai gradually diffuse from into the 
starch m a Iht diastase then breaks down the 
stanch into various sugars priiici|«l% maltose but also 
sucros and invert sugar is ptMucei At the same 
time proteolytic enrymes such m peptase app»r in 
the germ u which %drol|sc the albumens ifit into 
peptones and kttr into kmido tcid% It is obvious* 
therefore that with the process of germination 1 me 
ctssion of very complex substances are formed % the 
developing germ I he gtrm breathes absorbtng oiy 
gen (hence the pmetite of aefating in«lt| and Ihiowittg 
out CO and water and generates warmth The ftetl 
mass of starch contamed in the endosperm m howtrer 
quite unaffe^ed by the dii^ti^t and other eaijnies 
on account of the flownesi of diffusion In con 
scqmnce however ^ die cdlulose dumbwg icton 
of the enrjmo the c^l inettibi«iie$ becomt 

lo«e and the ^ley gmin becomts and li «iiy 
ptatmts^ by boiling water 


fir.’ssS'^ a: 
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of the embryo is always present, no diastase is formed, and it is therefore probable tlmt the 
diastatic secretion of the epithelium is due to the stimulus of a starvation process. 

Growth of the Acrospire and Radide.—After moistening the grain or 
“steeping** for forty-eight hours, the acrospire grows upwards the skin, 

while the radicle (roots) grows downwards. 

The successive stages of growth are represented in the figure, a is the original 
grain, in ^ the process of germination is beginning, in r the roots are well developed, 

and the acrospire has grown nearly 
^ b C cl ^ grain. After about 

^ A seven to eight days the acrospire 

three-quarters way up the 
the roots one to one and 
jr ^ times the length of the corn. 

^ ^ 1 ^ This is shown in d. When this 

(I /^\ I A stage is reached, the process of ger- 
I If]/ I stopped by heating on 

Ij ^ \ The malt should never (in malting for 

■c’ .V f ii;r 1,. beer) be allowed to germinate so long that 

Fig. 99. Growth of Malt. acrospire begins to emerge from under 

the skin at the top of the grain as shown 
in e. It is true that the amount of diastase increases with growth beyond up to a certain limit, 
but a growth beyond d causes the unnecessary destruction of much starch, and so is uneconomical. 
Conseouently the brewer always works with “short malt** as the product is called. It should be 
noticed that a fairly low temperature favours the production of diastase, and is necessary for a good 
brewing malt. Moreover, the brewer always uses Short Malt (see p. 285), malt germinated 
for a seven to ten day period, which contains sufficient diastase for nis purpose, and a high per- 
centage of starch. The distiller ^ on the contrary, works with “ Long Malt,** /.<?., barley germin- 
ated for twenty days or so, for reasons that are explained under Spirits (pp. 285, 286). 


Practice of Malting in Relation to Brewing 

In England the seasons during which malting is carried out is usually from 
about the middle of September until the middle of the following May ,« although 
where large quantities of foreign barley are dealt with, malting operations are often 
carried on throughout the whole year. 

Floor System of Malting 

The system of malting most generally used in England is the floor Sjrstem, 
which we will now describe : — 

Sweating the Barley. — The best malt can only be produced by using a 
properly dried barley. This is often a matter of great difficulty, especially with 
English barleys and a wet harvest. Most maltsters, therefore, dry or “sweat** 
their barley before storing, in kilns at a temperature not exceeding 105* F,* A 
space of 16 ft. per quarter is usually allowed in a kiln. Sometimes the sweating 
is done on the malt kilns between the stages of curing the malt (see p. 260), or on 
a specially built kiln, or by means of a dicing drum (similar to the one 
shown for germinating barley, Fig. 107). This latter is a closed drum and is 
rotated by means of a worm and worm-wheel gear. At one end the drum 
is connected by means of a pipe lo a furnace, and at the other end to a fan. The 
barley is put into the drum by doors in the walls or shell of same. The doors are 
then closed, the drum set in motion, and hot air from the furnace is sucked through 
the barley by the fan, which discharges its moisture-laden air into the atmosphere. 
The exact method to be toployed in thus sweating the barley is a matter depending 
to a great extent upon local conditions. 

The sweating process mellows the barley and gets rid of excess of moisture, 
thus inducing a more uniform absorption of moisture in steeping. Sweated barley 
should not be steeped within a fortnight of sweating. It does not heat in bins. 

^ Barley can be sweated np to 150* F. See J. R. Dixon, ImL Bnwing^ ipia, xviii., to5» 
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Cleaning and Grading the Barley.—The barley is next passed through 
a rough cleaning machine so as to remove the coarse impurities it contains by 
means of sieves and blower fans. Then it is sorted out by special “ grading 
machines into grains of different sizes, which must be steeped separately; for if 
the grains are of different sizes they will germinate at diferent rates, and one 
set of grains will be ready for curing before other sized grains have attained the 
proper condition. Also, all broken and half corns must be removed, for if such 
half corns are allowed to get on to the growing floor, they set up mould and create 
a lot of trouble, often damaging a whole piece of malt. 

The Rougher Out may be made either in the form of wire sieves or a rotary 
wire cylinder enclosed in a wood or iron frame, and having an efficient fan to 
extract dust and light straws from the machine while in work. An advantage 
of the machines with sieves is that they are more easy to clean, and the exhausting 
arrangements are more efficient. 

The barley cleaning machine for finishing is very similar in outward appearance 
to the Rougher Out, but has additional sieves for taking out very thin barley 
(which is fit only for chicken food), heavy sand, etc. This machine again has 
a powerful exhausting fan operating over the whole surfaces. 

After the barley leaves 
this machine it passes into 
half corn separators, which 
are made from plates of a 
special metal having in- 
dentations (not holes) 
drilled at regular distances 
all over their surface. 

The plates are then rolled 
into cylindrical form, 
mounted on a spindle 
and carried in a wood or 
iron frame with a slight 
slope from feed end to 
delivery end. The cylin- 
ders are rotated by means 
of pulleys and belt ; or by 
bevil gears. The barley 
is fed into the cylinder, 
and finds its way into the 
indentations. The whole 
corns project for about a third of their length beyond the surface of the plates, 
and as the cylinder rotates they come into contact with the edge of a tray mounted 
on the spindle. Contact with this tray has the effect of knocking the whole corns 
back into the bottom of the cylinder, while the half corns, not projecting in the 
same manner, are carried beyond the edge of the tray until compelled by gravity 
to fall into the tray, which is fitted with a worm carrying the half corns out at 
the end, the whole corns also being carried by the slope of cylinder and the 
pressure of incoming barley to the end vrhere they are delivered from the machine 
by a different exit. The whole corns, which of course comprise the thoroughly 
cleaned barley, should be put into bins reserved for this purpose either directly 
over the steeping cisterns or so as to command them easily. 

Dust Control. — In the case of both Rougher Out and Barley Dresser, it is necessary ^hat means 
should be employed to effectually deal with the dust from the exhaust fans. The old-fashioned way 
of doing this was to allow the fen to blow into a chamber called a dust chamber or stive room. This 
chamber had an outlet for the spent air to escape to the open, while the dust was precipitated on to 
the floor, from which it was afterwards taken away in sacks. This system had many objections, as 
frequently a large amount of dust was thrown out on to the roof and found its way to tne working 
floors, which was very bad, owing to the presence of various germs. The better way is to allow the 
fens to discharge into a dust collector, preferably of the dry type, a very good one being that Hus- 



Fig. ioo. — Machine for Cleaning and Grading Barley, 
Malt, and other Grain. 

(Llewellins & James, Bristol.) 
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Growing or Germinating Floors— The malt-house usually consists of 
several floors The wet grain falling on these from the steeping cistern is levelled 
down to a depth of 2-3 ft This is called a couch, and the operation is known 
as couching, and is done to cause a sufficiently high temperature to make the 
grain commence to germinate properly When the barley begins to sprout or grow, 
small hair-like rootlets are produced, and heat is generate dunng growth ^ the tem- 
perature must not be allowed to increase more than a certain amount (60" F) 
Hence, when growth has started the couch is broken down and spread over the 
floor to a depth of about 3-4 in This is called a piece of malt, and the depth 
must be varied according to the rate of growth and the varying temperature in the 
malt-house, as it is obvious that if the thickness is too great and the temperature 
high, forcing will result , while, on the other hand, if the thickness is not sufficient 
and the temperature low, then the growth will be retarded, and indeed often 
stopped altogether. 

Moreover, since for uniform growth the malt requires air, it is necessary to 
aerate the growing barley (which is now known as “gjeen malt”) This is 



Fic. 103.— ^T lit House (Malt Growing on I’lnor), Guinness’s Brencr>, Dublin. 

done b) turning the malt with sho\els about twice a day. During the turning 
thi uricn malt is thrown through the air in a thin stream, whereby it is aerated 
aiul I oolcd. It IS often ploughed by means of a hand plough which aerates without 
tlu need of the hea\y labour of completely turning the piece Dunng the turning 
process: the malt is gradually worked along the floor, being sprinkled when neces- 
^'ar> to assist growth, until it arri\es at the kiln end of the malting, and it is 
then considered sufficient!) grown This usually occupies from nine to thirteen 
days, depending upon the character of the barley, and the quality and character of 
malt It IS required to produce 

Ihc ihcmiril chingc'* wIiilIi lia\c tikin plice in the Ixirl^ up to this st-ige is the secretion of 
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If the growth of the germinated malt continues beyond the limit now attained, 
a serious loss of starch and sugar will result. The further growth of the barley 
is therefore checked by — 



Withering. — That is, the rootlets are 
allowed to fade and wither by withholding any 
further outside supply of moisture to the grain. 
The withering stage occupies about twenty-four 
hours, and the malt is then loaded on to the kiln. 
Moisture at loading-on should be less than 40 
per cent. This loading used to be done by 
hoisting the green malt in sheets or baskets, 
and indeed is done so at the present time in 
a good many of the older malt-houses. The 
modern system is, however, to employ elevators 
for the purpose. 


Kilning or Drying.—The malt remains 
on the kiln for about three to four days, drying 
and curing, two days being taken up for drying 
and two for curing. During the time the malt 
is on the kiln for this purpose it is turned 
frequently so as to allow the heat from the fur- 
nace to come into contact evenly with the whole 
of the malt. 

The kiln usually has only one floor made of 
wire or tiles, and heated by means of a closed 
furnace below. The roof is constructed in the 
form of a pyramid, having outlet at the top, with 
adjustable doors for carrying off the vapours. 
In some modern kilns suction fans are placed 
in the outlets to accelerate the drying. The 
Tig. 104. — Scottish Two-floor Malt Kiln, green malt is evenly spread upon the kun floor 
(Messrs Bryan, Corcoran Ltd., London.) about 12-18 in. deep and frequently turned 

during the drying and curing process. In Scot- 
land the kilns usually have two floors made of wire, placed one above the other, 
and heated by a furnace or open fire from below. The green malt is evenly spread 
upon the upper kiln floor about 18 in. deep. It remains here twenty-four hours, 
and is then only partially dried. It is then dropped upon the lower floor, again 




FiO. 105 «— Patent Steel Flooring for Malt Kilns. 

Spread evenly, and subjected to a higher temperature until the desired degree of 
dryness is obtained. 

The heat is obtained by means of shaft furnaces as shown, and good anthracite coal is most 
generally employed— coke being unsatisfactory owii^ to the fumes depositing arsenic on tlie malt. 
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This latter objection is due to the practi^ in English malting of allowing the products of combustion 
to come into direct contact with the drying malt. 

For the drying stage the temperature usually commences at about 80* F., rising gradually to 
120® F., while for curing, the temperature is raised from the latter figure to 160® or up to 200® F. 
for a pale malt, and higher than this where high coloured or porter malts are required. 

The turning of the malt on the kiln in modem makings is done by means of an Automatic Kiln 
Turner, which ensures that the whole of the malt is thoroughly turned, obviating the risk of getting 
vitrified or unevenly coloured malts which often happens where the turning is done badly by hand. 



The malt being completely dried and cured is allowed to 
cool, and is then emptied into the bins under the hot air 
chamber forming the warm malt store. 

The emptying is done by means of a number of steel pipes led from 
the kiln floor to the bins, the malt being shovelled into heaps over each 
pipe, from which the cover is removed, and while a large amount will run 
down by gravity the remainder is swept into the pipes by the maltster. 
From these bins the malt is either lifted up by means of an elevator and 
distributed by a band conveyor to the main malt stores, or it is first 
screened and then put into stores. Where the second method is adopted 
it is often usual to screen again before sending out the malt — although 
this is not absolutely necessary provided a thoroughly good malt screen is 


first employed. 

The choice of these two methods of dealing with the malt lies with 
the individual maltster, opinion being very divided as to whether it is better to store the malt with 


the culms on or not. 


The malt stored in suitable bins may be preserved without injury for twelve 
months or longer. Malt will keep almost indefinitely if stored with not more than 
3“/, moisture. 



Fig, 107. — Galland’s Pneumatic Malting Drums. 
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Pneumatic Malting 

The foregoing is the general system of malting as used in England. There 
is, however, another system used to some extent in England known as pneumatic 
malting. In this process the grain, after being steeped in the same way as for floor 
malting, is put into revolving germinating drums (Figs. 107, 108). 

These drums are only partly filled with grain. They are constructed with an 
outer shell of steel plate and an inner cylinder of perforated metal. Running 
through the centre of the cylinder throughout its length is a tube of similar 
perforated metal. Each end of the cylinder is connected by means of pipes 
to air ducts built below the level of cylinders. One of these ducts, l, is connected 
at one end to a tower through which the air is compelled to pass, and in passing, 
this air is purified and moistened, as well as heated by a steam jet when necessary. 



Fig. 108. — Galland’s Pneumatic Malting Drums. 


The drum is revolved very slowly by means of a worm gear, the weight of drum 
being carried by rollers mounted on spindles carried in heavy bearings. 

When the cylinder is Jn work, the fan induces a current of air from the air tower 
through the duct l and thence by means of the pipes to the cylinder, through the 
grain, into the perforated tube, down the pipe at back of cylinder, and thence by 
the duct s is sucked into the fan and discharged into the open air. Provision is 
also made for delivering heated dry air into the cylinders. The drying and curing 
is sometimes done on a kiln as in the ordinary system of malting and sometimes by 
means of a drum working substantially in the same manner as the germinating 
drums. 

This system of malting has advantages in economy of space and in saving of labour, but it is 
regarded as being very expensive in first cost and in subsequent upkeep. There are a number of 
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plants at work in Great Britain, although maltsters generally do not view the results from them very 
favourably. ^ 

Another system of malting which, like the former, is of German origin, is the Plischke system, 
a patent device which consists of a number of moving wire beds. The grain is delivered from the 
steeping tank on to the top bed and this moves over end rollers very slowly. The growing grain is 
discharged from the top to the next bed and then to the next, and so on till when it is finally 
discharged from the bottom bed the process of germination is completed and the “green malt” is 
ready to load on to the kiln. 

Another system in vogue in Germany is that in which the malt is grown, i,e., germinated on 
floors in the same way as in England, but the turning and ploughing of the growing grain is 
done by a specially constructed and patented machine. In the matter of kilns the German system 
is generally that the hot gases do not come into direct contact with the malt during the curing 
process, but they are conducted through pipes running under the kiln floors, which are made of 
wire, and the air passing over these pipes becomes heated and is drawn through the wire floor 
and consequently through the malt, thus drying and curing it. 

Storing and Conveying Barley and Malt. — In the malt-house described 
we assume that the barley will be brought in trucks or carts, and stored in bulk, that 
is in bins, and for this purpose bins with self-emptying conical bottoms are used. 

It is usual to allow 10 cub. ft. per quarter for barley, and 12 cub. ft. per quarter 
for malt, when storing in bulk in bins. 



Fig. 109. — Pneumatic Transport of Malt from Malt House to Brewery. 
(Seek Engineering Co., London.) 


The method of filling the bins has usually been done by means of a sack hoist, but for various 
reasons this is not advocated, an elevator, or, as it is sometimes called, a Jacob’s ladder, being 
much preferable. This should command a band conveyor in roof with a mo\’able throw-off carriage, 
delivering into the barley stores by means of pipes, and if this band is made to reverse so as to run 
in either direction, the roof can be made to serve as a barley store, so as to facilitate buying in large 
quantities at the commencement of the season. The reason for making the band conveyor 
reversible is that by means of one or two small intermediate elevators, the barley stored in the 
roof can be brought back over the cleaning machinery or steeping cistern for steeping. 

While elevators and band conveyors are very largely used for conve}ing and transporting grain, 
there are a great number of occasions when it is impossible to make use of mese appliances. 

'Where such conditions arise, the system of transporting grain by means of air suction is 
extremely useful. It can be used for connecting buildings up to 300 or 400 yds. apart from each 
other, and of varying elevation, without the need of any bridge, such as would be the case with 
band conveyors, while the absence of large elevator trunks going through floors is a great safe^ard 
against fire. The tubes vary from about 3 in. to 6 or 7 in. diameter, and a great feature in their use 
is that corners can be readily negotiated, and rigid straight lines need not be adhered to. 

The illustration shows very clearly one of the uses that the Pneumatic Transport can be 
put to. 

Composition and Yield of Malt— In general, 100 parts of air-dried barley yield 70-75 parti 
of cured malt. In the case of very nitrogenous barleys the loss is greater than Daiingtlie 
storing, the malt absorbs some per cent, of moisture* 

20 
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100 patts of barley, containing 8b percent dry substance, lose : — 
In steeping 

During germination by the evolution of gases like CO2 
Other losses during germination 


I 3 per cent. 
5-1 « 

40 „ 


Total loss 


10 4 per cent. 


J S. Baker (Allan’s “Commercial Analysis,” vol. 1., p 133, 4th ed.), gives the following figures 
to illustrate the difference between barley and malt (English) — 



Moisture. 

Proteins 

Fat. 

Sugar and 
Gum 

Starch. 

Fibre 

Ash 

Barley - 

*5 

10 

2 

II 

55 

5 

2 

Malt 

2 

11 

0 

! 

16 

63 

6 
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ANALYSIS OF MALT. 


LITERATURE. 

Julian S Baker. — Allan’s “Commercial Analysis,” 4th Ed., vol. i., p. 134, gives an 
excellent accounu 

Reports of the Malt Analysis Committee, 1905 

„ ,, on “Coloured Malts and Caramel,” 1910 (Price 

yd ). Institute of Brewing, Brewers Hall, Addle Street, London, E C 

G. Cecil Jones — “ Standardisation of Malt Analysis ” {Joum Imttt Brew ^ 

,, “ Diastic Power by Lmtner’s Method ” {Ibid , 1907). 

H. T. Brown --Joum, Jnstit Brew,, 1916, xxii, 267. 

A. Fernbach.— Imttt, Brew , 1916, xxii , 370. 

H. Heron and J M Heron, Imht Brew , 1914, xx , 465 , 1902, viii , 666 . 

A. R. \A^Q,-^Joum, Imttt, Brew,, 1900, vi., 355; 1902, viii, 441 

See also numerous other papers m the Joum, Imttt, Brew, within recent years. 


The brewing value of a sample of malt depends upon (i) amount of soluble extract it yields to 
water and nature of same ; (2) its diastatic capacity 

To Sample , — Draw from one sack in ten at a depth of at least 6 in., put into small bin, mix, 
and collect samples in clean screw-stoppered beer bottles. 

For analysis, grind in a “Seek Laboratory Mill” set at 25**, and grind separately for each 
determination. 

Extract Determinattoii — Mash 50 g in a 500 glass beaker with 360 c.c. of distilled water, 
previously heated to 68° C. (154°- 155° F.). Cover with clock glass and place in water bath to 
keep at 66® C. (150° F.) for fifty-five minutes, stirrmg at intervals of ten minutes. Then heat 
to 70® C« (158® F.) for five minutes, and wash into a Hash graduated to 515 c.c. (15 c.c. s; ailow> 
ance for volume 50 g. malt). Cool to 15.5® C. (60° F.), make up to mark with distilled water, 
and filter through a large-nbbed filter paper. Take sp. gr. at 15 5° C. (60® F ), taking water 
at 60® F. = 1,000. 

The excess sp. gr. over water (= 1000) multiplied by 3.36 gives extract in brewers* pounds per 
standard quarter of malt 

Colour of Wort* — Place immediately dear filtered wort in i-in. cell of the Lovibond tinto- 
meter, and record tint m colour units of the senes of “ 52 ” glasses. Avoid direct sunlight, and 
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reverse glasses and cell to be certain the field is equally illuminated. (See J. L. Baker and 

H. F. E, Hulton,/iw#rif, fnsM. Brew,, 1906, X 3 , 302; 1907, 13, 26 ; Lovibond, tizd , 1908, 14, 2.) 

Moisture. — 5 g. of ground malt are heated five hours in boihng water oven in a copper dish 
5 cm. diameter and 1.25 cm. depth. Loss of weight represents moisture. 

Diaatatic Activity (Lintner value) — The diastase acts on the starch and produces the silgar 
maltose The amount of maltose produced may be taken as proportional to the diastatic activity of 
the solution, provided that the production of the maltose does not exceed 45 per cent, of the starch. 
(See Kjeldahl, “Compt. rend, des travaux du laboratoire de Carlsberg,” 1879, 1 » 109 ; also A. R. 
Ling, /oum. Fed, Insttt, Brew , 1896, 2, 335.) 

The water used should be redistilled, with the addition of a little potassium permanganate and 
sodium hydroxide The water must be free from ammonium salts and quite neutral 

The soluble starch used is prepared by digesting 500 g. purified potato starch for seven days with 

I, 000 c c , of dilute HCl, sp. gr 1,037, washing until free from acid, first by decantation with tap 
water, and later vnth distilled water in a Buchner funnel Dry quickly at no® F. (43.5® F.), 
triturate in mortar, and pass through fine hair sieve. 

The soluble starch solution used contains 2 g starch to 100 c c water. Add the starch to the 
boiling water, and cool to 70® F for use It must be neutral to litmus, only very slightly reduce 
Fehling’s solution, and be mobile (not gelatinous). 

Process of Determuuition of Diastatic Activity — Extract 25 g of ground malt for three hours 
at 70® F Filter Neglect first 100 c c , add 3 c c. of clear extract to 100 c c of the 2 per cent, 
solution of soluble starch in a 203 c c. flask at 70® F. Keep for one hour at 70® F., then add 
10 c.c N/io alkali to stop further diastatic activity, cool to 60® F , and make up to 200 c.c with 
distilled water. Then titrate against 5 c c portions of Fehling’s solution as follows — 

Place 5 c c Fehling’s solution m 150 c c boiling flask, heat to boiling, and add the converted 
starch solution from a burette in Quantities of about 5 c.c at a time, shaking the mixture after each 
addition over the naked flame, and boiling until reduction of the Fehling solution is complete, which 
is ascertained by withdrawing a drop of the liquid by means of a glass rod, and bnnging it at once 
into contact with a drop of ferrous thiocyanate solution on a porcelain slab 

If A' represents the diastatic activity, x the number of cubic centimetres of malt extract contained 
in 100 c c of the diluted starch conversion solution, and y is the number of cubic centimeters 
of same liquid required to reduce 5 c,c. of the Fehling solution, then 


A'=i2£2 
xy * 


When inc niau iias a diastatic activity over 50 Lintner, use 2 c c of malt extract to 100 c.c. of 
2 per cent starch extract 

Cold Water Extract. — Digest for three hours at 70® F 25 g ground malt with 250 c c. of 
•distilled water containing 20 c c N/io ammonium hydroxide Stir at intervals. Filter Take 
sp gr at 60® F (water =1000) Then cold water extract is given by excess sp gr over 1,000 
(corrected for sp gr of the ammonia solution) divided by o 386 English malts average 18 
per cent cold extract 

Aadity of Malt — Digest 50 g ground malt with 300 c c of distilled water at 60® F. for 
three hour?, and titrate with N/io ammonium hydroxide, using litmus as indicator 

Calculate acidity as lactic acid (really due to acid phosphates). 

Nitrogen — Determine by Kjeldahl’s method Per cent N x 6 25 gives nitrogenous matter. 

Scuchartficaiton Test — Mix 10 g ground malt with 100 cc water at 15^ F., and keep at 
1 5 1® F stirring mash In fifteen minutes withdraw 5 c c of mash, cool, and test in starch by 
iodine Repeat every five minutes until the solution no longer reacts for starch. 

This gives the time required for the complete saccharification of a malt mash. 

f Sinker Test, — ^Throw 500 malt corns into cold water. Remove floating corns. Vitreous corns, 
<etc., will sink to bottom, and can be counted. 

Growth, — 200 malt corns are sorted into the following six groups according to development of 
«crospire s O to J ; i to J ; i to j ; | to i ; overgrown corns ; damaged corns. 

English malt should contain 80-100 per cent corns from | to fully grown. 

Test also for Arsenic. 

State results, thus 

Extract per standard brewer’s pounds. 

Moisture, per cent. 

Diastatic activity (Lintner value). 

Tint (10 per cent, wort, i in. cell, “ 52 ” senes Lovibond). 

<)old water extract per cent. 
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BREWING 

Theory of Brewing. — The malt contains, as we have already seen, a con- 
siderable amount of starch and its degradation products. It also contains the 
enzyme diastase in considerable amounts. The malt is crushed and mixed with 
hot water (i6o°-i68° F.) in a mashing vat. The diastase now acts powerfully upon 
the starch, converting it into sugars. 



Fig. no. — *‘Seck” Laboratory Mill, 
(Seek Engineering Co. , London. ) 


The diastatic degradation of starch is no simple change. According to Brown and Morris the 
starch molecule consists of five amylin groups, each of formula [Cjol l2o^io]2o» radicles being 
grouped centrally round the fifth, thus : — 


[C12H20O10I20' 

[Ci2H2oOio]2o' 
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Diastase splits up this complex molecule, hydrolysing it into four groups of amyloins, while the 
central amylin group remains unchanged (and not being attacked by alcohol-producing enzymes, 
is left unchanged throughout the whole course of brewing operations), forming what is known as 
stable dextrine, according to the equation : — 


Starch. Water. Stable Dextrine. 

5 ([Ci 2 f i20^io]2o) d* 4 M.H2O = (Ci2Hao^io)2o + 


Amyloins of Various Types. 

^ J (Ci. 2 H 220 ii)w-< Maltose radicle. 

^ \ (Ci2HaoOio)l«"< Dextrine radicle. 


The amyloms are compounds of maltose and dextrine, and exhibit the properties bcjth of maltose 
and of dextrine. 

As the process of hydrolysis proceeds the amyloins pass into lower degradation products which 
are richer in maltose, the final product of transformation being maltose. Several amyloins have 
been isolated, (Ci2H2oOio)6-(Ci2H220n) (amylo-dextrine) and (Ci2H2oOio).2.(Ci2lL.20ii) (malto- 
dextrine). 

The amyloins are not split up in the primary fermentation ; in the secondary fermentation they 
are converted, more or less rapidly according to their type, into maltose. They are of two types, 
“high” and “low.” A beer of a stable character must contain a considerable proportion of high- 
type amyloins (which are the first product of the action of diastase on starch), and consequently is 
produced by restricting the action of diastase in the mash-tub. A beer which is to “condition” 
rapidly must contain a sufficient amount of low-type malto-dextrine (which are later products of the 
action of diastase on starch). 
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The type of malto-dextrme ultimately produced from the starch m the malt can be regulated both 
in the malt-kiln and m the mash-tub. Higher types are produced by /ow J^tln and mashing 
temperatures, whereas lower types are produced by high kiln and low masking heats. 

It IS therefore possible to regulate on scientific lines both the quantity and the type of amyloXns 
which are suitable for a particular beer 

The hydrolysis of the starch by the diastase proceeds best between 4o*-6o® C , 
but the temperature is often raised to 70® because the starch should be gelatin- 
ised, the attack being then more rapid. The starch of the malt dissolves much 
more easily than that of the raw grain. The dextnnes produced, (Ci2H2oOio)n.H20, 
are amorphous, reduce Fehling^s solution, and are strongly dextro-rotatory. As 
the molecule breaks up under the action of the diastase the dextro-rotary power 
diminishes while the power of reducing Fehling's solution increases. 

Only the low-grade dextnnes are fermentable with yeast. 


The following table shows the rotary and copper-reducing power of some of the products of the 
break up of the starch molecule — 



Specific Rotation 
tab 

Copper-Reducing 

Power 

(Maltose ssxoo) 

Soluble starch, (CiaH^oOioln 


0 

Amylo-dextrme, (C^HgoOio)? 11^0 

+ 187“ 

9 

Malto-dextrme a, (Ci2H2oOio)j H2O ■ 

-fl8o* 

33 

Malto-dextrme 7 

-f 170® 

60 

Maltose, (C12H22O11) 

+ nf 

100 


The Maltose, Ci2H220n + H2O, is easily soluble in water, crystalline, tasting but slightly 
sweet It hydrolyses with acids into 2 molecules of dextrose and c^ves with phenyl hydrazine a 
difficultly soluble dextro-rotary osazone, C34H82N4O2 (see pp 166, 107, Glucose) 

Under favourable conditions over 80 per cent of starch can be converted into 
dextrose by diastase, the other 20 per cent remaining as dextnne in the liquor. 
After the destruction of the maltose by the yeast, this dextnne is slowly hydrolysed 
to maltose 

As will be seen in the next chapter it is the object of the distiller to convert all 
his starch into maltose, but the brewer, on the other hg/id, intentionally leads the 
mashing process in such a manner that a large amount of unfermented dextrine 
remains in the beer and as “ extract ” forms the nutritious part of the beer Hence 
in brewing matters are arranged so that only about 60 per cent of the starch is 
transformed into fermentable carbohydrates 

In order to obtain a dark beer and produce a pronounced malt flavour caramel and black malt 
{i e , malt browned by heatmg to a considerable temperature in rotating drums) are added m small 
amounts mixed with other materials Malt substitutes, raw gram, and brewing sugars are also 
added at this stage : (i) for producing very stable beers, since they contain little albumen , (2) for 
producing paler beers than could be produced with malt alone , (3) for reducing the cost of pro- 
duction Among such products may be mentioned raw gram, nee, com grits, com meal, maize 
flakes, brewing sugars, etc Flakes are produced by steammg com grits and passing them through 
hot steel rollers , this makes them dissolve better during mashing. Raw gram, corn gnts, rice, 
etfe , require previous cooking, whereas flakes are added directly to the wort in the kettle. Brewing 
sugars are used for producing lager beers, English ale, stout, etc. 

The mashing takes about three hours. The hops are added to the boiling 
wort for the purpose of imparting (i) tannin, which forms insoluble compounds 
with albuminoids, and thus causes them to coagulate out; (2) hop oil, which 
gives the beer its hop aroma , (3) hop resin, which imparts to the beer a bitter 
taste and also acts as a preservative 

While adding the hops the wort is thoroughly boiled, the best hops being added 
last, so that the volatile hop oil may not be driven off. The boiling sterilises the 
wort and coagulates the albuminoids, which separate in flakes. 
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The wort is then run off, cooled to a suitable temperature in a refrigeratoi 
(56**60* F. for English top-fermenting beer), and the yeast is added to the wort in 
the fermenting tanks. The yeast rapidly develops, and converts the sugars into 
alcohol and carbon dioxide by what is called “primary fermentation,” thus 
converting the wort into beer. The yeast is tfien separated and this beer stored in 
tuns, where it ripens, undergoing secondary fermentation fermentation). 

Waters for Brewing: Purposes 

Waters adapted for producing pale ales contain calcium sulphate in fairly large quantity. 
Thus the Burton waters, which are extremely well adapted for this purpose, have the following 
composition . — 


Calcium sulphate - 


Grams 
per gallon 

- 77 9 

Sodium chlonde - 



Grams 
per gallon 

- 3 9 

Ma^esium carbonate - 
Sodium sulphate - 

• 

- 21 3 

Sodium nitrate 

• 

• 

• 2 0 


- xo 2 

Potassium sulphate 

• 

. 

- I 6 

Calcium carbonate 

- 

7 62 

Silica and alumina 

- 

- 

- 0 98 


The best brewing effect is obtained from 40-50 grains of 0aS04 per gallon. 

Waters adapted for producing black beers must be soft, containing, however, fairly large 
amounts of calcium and magnesium carbonates Since these latter substances are almost entirely 
precipitated by boilmg, the water as actually used in the brewery contains only 2-3 grains of solid 
matter per gallon London and Dublin well waters are well suited for beers of this type. An 


analysis of a Dublm well water gave . — 

Grams Grains 

per gallon per gallon 

Calcium carbonate - - - 14 2 Magnesium carbonate - • - o 90 

Calcium sulphate - - • - 4.4 Silica o 26 

Sodium chloride - - - - i 83 Iron oxide and alumina - - o 24 


W'ftters adapted for producing nuld ales must contain a large amount of chlorides and 
little calcium sulphate. The following is a typical analysis . — 

Grams 
per gallon 

Sodium chlonde - - - • 35 i Magnesium carbonate - 

Calcium chlonde - - • - 3 9 Iron oxide and alumina 

Calcium carbonate - • - 16.4 Silica - 

Calcium sulphate - - « - 6 2 

No single water possesses the qualifications necessary for producing every class of beer To 
render a water suitable for producing a given type of beer it is necessary to analyse it accurately 
and then add to it the proper amount of calaum sulphate, magnesium sulphate, calcium chloride, 
etc. , to bnng it up to the standard conditions If a water contains too much calcium sulphate it is 
usual to dilute the water with a soft one so as to reduce the percentage oi CaS04 to the proper 
amount. In some cases precipitation by Na^COg is resorted to for removing the CaS04. The 
addition of NagCOg, followed by CaClg, is resorted to for getting nd of excess of iron. 


Grains 
per gallon 
- 4 O 

• O 24 

• ' O 22 
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THE PRACTICE OF BREWING AS GENERALLY 
ADOPTED IN ENGLAND 

General Arrangement of the Brewery 

In deciding upon a site for a brewery a place must be chosen having a natural 
supply of good water to draw from, independent of town supply, as the require- 
ments in this respect are very large. The character of beer is governed to a large 
extent by the quality of the water used in its production. In cases where the water 
is specially suitable for brewing, large and important brewing centres have been 
formed. Thus the hard water of Burton-on-Trent has gained for this town a 
world-wide reputation for pale ales, whilst the softer London and Dublin waters 
have brought the stouts produced in these centres into equal prominence. As, 
however, science is now capable of treating water so as to imitate the conditions 
required, the choice of site is very largely governed by the local demand. The 
site having been selected and the size and output of brewery having been deter- 
mined, the general working arrangement of the necessary plant has to be decided 
upon, and, needless to say, the arrangement should be such as to minimise labour 
and consumption of power as much as possible. 

There are two systems of constructing breweries generally in use, known as the 
tower and horizontal systems, both having their recommendations. The tower 
system is worked entirely by gravity, that is to say that the process of manufacture 
involves treatment floor by floor, descending by stages until the finished beer is 
ultimately dealt with on the ground floor 

The horizontal system, while it involves a large area, is one enabling the 
manufacture to be conducted at a low level, very often a great advantage, the 
process being to erect pumps, elevators, etc, for conducting the matenal during 
the stages of treatment from vessel to vessel. Often the system adopted is 
a combirAtion of the two types of brewenes having a minimum of pumping, while 
at the same time keeping the height of building within reasonable hmits. 

As a rule the water (or as it is technically known, liquor) is pumped from 
the source of supply direct into the cold liquor tank at the top of building 
From this tank it is drawn by gravity for the purpose of boiling, cooling, and 
cleaning. The heating of water in the hot liquor tank is performed by steam 
coils which raise the temperature of the liquor to the desired number of degrees. 

The principal ingredients used in brewing consist of malt and hops, although 
in some cases varying proportions of maize (flaked or in gnts), invert sugar, etc., 
are used, together or separately, these materials in their chemical composition 
being very similar to malt For the purpose, however, of this article, we assume 
that the brewery is one in which malt and hops are used. The malt, the 
manufacture of which was described in the preceding pages, is brought into the 
brewery usually in sacks and hoisted to a malt store over the screening and 
gnnding room. 

Whm the makings or malt stores are adjacent to the brewery, a great advantage m saving of 
labour and time and prevention of slackness in malt can be attained by the use of the system of 
meumatic transport, mtrodnoed mto this country by the Seek En^eenng Co. Ltd. (see p 263). 
in this case the rather duigerous method of hoistitig the malt is done away with, and the malt is 
brought instead from the maltings or stores through tubes by means of aur suction, quite free from 
floating dust 

The malt is then shot from the malt store into a malt hopper which preferably 
is lane enough to contain sufficient for a brew. 

hopper commands the malt screen, which is a machine haying revolving 
wire or pemrated cylinders for removing large substances, heavy dirt and culm^ 
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and should be fitted with a polisher to remove any deleterious substances adhering 
to the skin of the malt (see p. 257). 

The clean malt as it leaves the screen is lifted by a short elevator to the malt 
grinding mill. 

This question of grinding has not always received the attention it really merited, and it is only 
of late years that a really scientific preparation of the grist has been made possible by the adoption 
of the principle of the Seek Patent Malt Mill. The malt, as it enters this mill, is distributed by 
means of a very ingenious feed roll, ensuring an accurate and even stream of malt right across the 
crushing rolls. The mill is constructed with two pairs of rolls, one above the other, and having a 
sieving device between. The malt is only lightly crushed by the first pair of rolls, and the resulting 
ground material, which is called grist, falls on to the sieve. This sieve has a reciprocating motion 
and has the effect of separating the granular grits of the malt kernel, which are sufficiently reduced 
for brewing purposes, from the husks. These grits pass through the sieve and receive no further 
treatment, while the husks with any hard steely ends or large coarse grits .adhering, pass over the 
sieve and so to the lower pair of rolls where they are recru^ed, the rolls being set closer together 



Fig. III.— Seek Patent Malt Mill. (Seek Engineering Co., London.) 


for this purpose. This system of grinding ensures the maximum extract being obtained from the 
malt, and at the same time gives large flaky husks so essential to a proper filtration or drainage in 
the mash-tun (see Figs. 1 1 1 - 1 1 3). 


Mashing. — The grinding is usually performed a few hours before mashing, 
and the grist case should be protected from the effects of damp, as the grist readily 
absorbs any moisture, and this has a very detrimental effect on the resulting extract, 
and also on the quality of the finished product. At the bottom of the grist case 
is fitted a SieeVs mashing machine (Figs. 114, 115). 

This consists of a cylinder having a spindle running through from end to end, and on this spindle 
are mounted forks and blades placed at an angle for pro} Killing and mixing the grist as it passes 
through the said cylinder on its way to the mash-tun. This spindle is provided with driving pulleys. 
In mashing, the hot liquor, at a temperature of 160® F., is introduced into the sides of mashing machine 
in the form of a spray, at the same time the grist is allowed to fall from tlie grist case. The mash, 
as it is now called, is propelled, as before described, through the machine into the mash-tun. 
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The mash-tun itself is a circular vessel made of cast iron or copper, and pro- 
vided on the outside with lagging and insulating material for the purpose of 
retaining the heat of the mash, while the top has a cover made with doors to lift 
up to give access to the tun (see Figs. 115, 116). 

The interior of the tun is fitted usually with a machine known as a rake. This consists of a vertical 
shaft rising through the centre of tun, carried on a footstep bearing, and provided with driving gear. 


Malt Mmlt 



‘ Fig. 112. — Diagram showing Fig. 113. — Diagram showing 

Method of Working in Seek Mill Slide in position for Rcgrinding 

for usual Brewery purposes. Grits. 


The end of the vertical sliaft inside tun is connected by bevel gear wheels to a horizontal shaft w^hich 
revolves on its axis, and at the same time travels round the interior of the tun. This shaft is fitted 
with a number of forks which are intended to stir up the mash and distribute it evenly over the 
interior of the tun. At about ij in. from the bottom of tun is fitted a slotted plate covering the 
whole surface area of the bottom, the slots being small enough to prevent any of the solid portion 
of the mash from going through, but large enough to allow the wort to percolate through, wort 
being the name given to the liquor at this stage. 



Fig. 1 14. — Llewellins Sc James’ Improved “ Steel’s” Mashing Machine. 
(Llewellins & James, Bristol.) 


In the early stage of mashing, underletting’ is sometimes resorted to, and this 
consists in introducing hot liquor into the bottom of the tun by means of pipes 
fixed at regular intervals in the actual bottom plates, and generally at some degrees 
higher temperature than is used for mashing. These pipes are also used for 
heating the tun before mashing. The mash is now allowed to stand for about two 
hours. The next process consists of w^ashing out the wort from the mash (or 
“ goods ^’). For this purpose an apparatus known as the sparger, which is fixed 
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inside the mash-tun at about the level of the top, is used, and consists of two 
perforated copper pipes, fitted to a revolving centre, and through which liquor is 
introduced. The perforations are at one side and bottom only of the pipe, the 


Fig. 1 15. — Cast-Iron ATash-Tun, showing Internal Rake Mashing Machine, Steel’s 
Machine, Copper Sparger, Cop()er Slotted False l:.)tti)in, etc. 

(Ilaslain Jo-undry and Engineering Co. , I)eri>y. ) 

hot liquor flowing out acting as a driving power causing the piises to revolve and 
distribute the hot liquor in a very fine spray over the goods. I'he sparging liquor 
has generally a temperature of i7o''-i95” F. " • 


Fig. 1 16. —Mash-Tuns for Malt, at Guinness’s Brewery, Dublin. 



smn 


tlMi iKwt 18 ofTwa 4 w*y by tbe pitws# m uie bottom of ttwi 

a ^pliM pan, mW »mf direct to the woderbaOlt and from thence to the 
copper The uiut<Krt>u» » a veesel made mther m cast how or copper and is 
mowded aa a source of twpply to the c<w«f? and as a means of safety Wemuttt 
the ^hger boiaing thewttom of copper when Smshed wort is dischatgCd It 
M also \im in some brewems for tbe purple of continuing dm achon of the 
iliaslase after the wort feaves the mash tun, and m this case is provided with either 
a steam cod or steam jacket for the putpose of roatetalning the cenect temperature 

fesoroe Weweries where raw grsttt saW an ppa»tiw called a Raw Gnun Converter is 
oftw mod <1 ig 11 ?) It eoiWttia^ f a strong lewtl Wed mternaHv by steam as shw™ ^ 
the and p tt are n ashed togethw m the apparatus, and when «m ersimi b effected let 
^w« Into th ordmary mash tan underneath which nmnly acts as a filter the wort is then ottmoed 
Ihe «« f ^ oidmary the hops bcingadded in the 

1 he eoi^tsare aga n aft r bwhng let d wn mto the mash tun which in this mstanee aete as tfe 
hop ha k Tl e wparatus tbits acte fin s a raw gr i n con trier secondly its a mash tun thirdly 
* mdiomy ht il ng copper No hop bach » neede 1 as the raasfa tun serres for ih s purpose 
1 Iw use of ra r g«i » m the manufacture f nalt I quor pro ded it w wi ely done ts st&id to be 
decaltifly a i ahtsj^us to tl quahtv f the b er p otfiW and is also very ecmwmical %ttl tl » 
appar u«s as much at Jo ptr tent, of raw fcra n can I e used and it oan Iso be used n lieu of the 
copper ft r boilit^ the wort v»v 



I- IT ri? — )vaw Cm 0 Conver & 

(JH utan 1 ouiidry and fci g neen ij, C > Ilerht ) 


BoUing and Hoppmgr the Wort —The copper is a vessel made m either 
cast iron or copper, pnncipc}l} the latter and is heated either by a furnace under 
math or by steam coits or steam jacket ^1 igs 118 up) 

The wort having been mn from the underback into the ct^per is brought ft* 
the bod and the bops introdmmd at vmous intervals during the boding peno^ 
thb best hops being added last, so that the vtdatile hop oil is not all dnven off 
The amount of hops addml to English ale and porters amounts to lo^ig Hh, per 
I 000 gals or, say, io lb# hops for each quarter of malt GtPmtt brew«s use 
far less than this, namely, lbs per * oco gals Ihewhofoisalforred to bod 
s^rfflly for two iMwrs aM a then dischtoged into thd hop back llus is a v^sel 
lahgB enough to contain the comjdet* comeote <rf the copper It ts made ft ora 
cast Iron or topper, and ts fitted with a petfrarated false bottom fined at *| s lO 
above the true otwttom of the vessel In this vessel the wort i# allowed to stand 
for ten to fifteen wfoutes to aifow the hops w settle on the ftdse bottom, where 
dicy thin form a filtering tne^um tfoougfa which the teoit rui« off bright, ♦he spent 
hops retaining m<^ «d & sedimentary matter 

OficpUfi: tbd wort la now immped for foe first time W mean# of 

It three fotow pump up to the cooler, tnto which it is srnajmd mtt fotough a 

perforated pipe or a spreader Thm hp# for m Objet* * p»rfod mststomt Of fo» Wmt 
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Fig. 1 18. — Open Fire Wort Copper. (Llewellins & James, Bristol.) 



before it settles into the cooler. The cooler is a vessel made of either cast iron, 
wood, or copper, and large enough to contain the whole of the contents discharged 
from the copper. The use of the cooler is partly to collect solid matter precipitated 

by the aeration and drop 
in temperature, and to act 
as a source for regulating 
the supply of wort to the 
refrigerators or coolers 
situated immediately be- 
low. The refrigerator can 
be made either horizontal 
or vertical. The vertical 
type, as shown in Fig. 120, 
consists of a battery of 
copper tubes, one above 
the other, of such a shape 
to present a maximum of 
cooling surface to the 
falling wort. The inside 
of tubes receives a con- 
stant supply of cold liquor 
derived from the cold 
liquor tank, while the wort 
is distributed by means of 
a specially perforated pan 
at the top, which is regu- 
lated to allow a thin stream 
to trickle over the exterior 
of the tubes. By means 
Fig. 1 19.— Steam Wort Copper, of this arrangement it is 

(Ilaslam Foundry and Engineering Co., Derby.) possible tO aerate and 
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cool the wort from the temperature in the cooler to the temperature at which it 
is desired to pitch or collect into the fermenting vessels. This is usually 56'‘-6o* F. 

Composition and Analysis of the Wort — The strength of the wort is 
determined by taking its specific gravity at 17.5" C. This gives its concentration 
in sugar and the amount of malt extract. 

Worts for light beers contain .ilx)!!! 10 per cent extract heavier beers German Bayerisch) 
12-14 per cent, wliile some Knglish beers liave worts containing 16-18 per cent and more extract 

The duty on beer is levied at tlie rate (1910) of 7s. Qd. for each barrel (36 gals.) of wort at a 
sp. gr. of 1.055 the trade, at a gravity of 1,055), an allowance of 6 ix:r cent Ijeing made for 

waste and loss during fermentation. The volume of tlie wort is measured by the excise officer in 
the fermenting vats or collectors before fermenting, the numlxsr of gallons of wort corresponding to 
each inch of depth of the vat being carefully gauged, and the numlier of gallons of vrort actually 
contained in the vat is found by the dipping rod, a boxwood rule divided into inches. 

If the wort has a greater gravity than 1,05^1.^., sp. gr. 1.055) it must be reduced to its equivalent 
in gallons at the standard gravity of 1,055. calculation is made by multiplying the volume of 
brew in gallons by the excess of gravity over 1,000 (sp. gr. 1.000= pure water) and dividing by 55. 
Thus suppose a brew of 4,000 ^ 1 $. has a gravity of 1,060 (sp. gr. 1.060). Then 4000 x (lofo - 1000) 
=240,000. This figure is divided by 55, the excess of standard gravity over 1,00a This gives 

?. 4 ®» 99 ?= 43 a 7 . 2 . That is, 4,000 gals, of wort of sp* gr. 1.060 arc ec|uivu!ent to 4327.2 gals, of wort 


at the standsird gravity of 1,055, and it is on this figure that the duty is levied, less 6 per cent, for 
waste deducted. A quarter of malt (336 lbs. ) is suppeiscd to yield four liarreLs of wort of sp. gr. 1.055. 



Fig. 12a — Refrigerator or Cooler. 
(Haslam Foundry and Engineering Co., Derby.) 


The excise authorities reckon as equi\'alcnt to a quarter of Uirloy (336 lbs.) : 224 lbs. cane sugar ; 
256 lbs. glucose (invert sugar) ; 256 Ihs. flaked mai/e or rice ; 272 lbs. syrup No. l, \i*eighing 14 lbs. 
per gallon ; 328 lbs. of syrup No. 2, weighing ij lbs. 2 oz. per gallon. 

The following is the composition of a typical wort : — 

Specific gravity - - - - 

^iallose - - - - - 

Non-nuiltose - - - - 

Nitrogenous matter ... 

Ash 

Ratio of maltose : non-maltose = i : 0.54. 

Everything that reduces Fel ding's sfdution (alkaline copper sulphate solution) is counted as 
** maltose” on the kisis of the rctliicing [lower of pure maltose. As a matter of fact, however, a 
considerable amount of the reduction arises from unfcrmentablo dextrincs, cane sugar, glucose, and 
pentoses, and no simpler method is known of difierentiating between the individual^ effects 
contributed by the difterent sugars and the dextrincs. Tlie fermentahility is best determined by 
actually fermenting the wort wim yeast, and estimating the alcohol. Here, however, the difficulty 
is that diflTcrent yeast naces pnxluee very ditVereiit amounts of fermentation. The nitrogenous 
substances are principally [leptunes and amides, anil are very imixjrlant foods for the yeast. The 
ratio of maltose : n«>n-m;il!ose varies from i : i to i :o.3. 

Fermenting the Wort. — ^'rhe cooled wort is now drawn from the pan in 
which the refrigerator stands into the top fermenting or collecting vessels. As soon 



• 4.S2 

aS3o 

0.234 with 0.0S5 
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as the wort has started running into the collecting vessel, the yeast (which has first 
been thoroughly well roused and mixed in with some of the wort in a small 
separate vessel) is added. This is for the purpose of setting up the action of 
fermentation. When all the wort has been collected, it is allowed to stand until 
a yeasty head begins to form, the time required for this being in various cases 
from twenty-four to forty-eight hours. Immediately this head begins to form, 
the wort is run into the dropping fermenting vessel immediately below, leaving 
any extraneous matter in the top vessels, thus giving a cleaner wort for the final 
fermentation. For the purpose of removing the yeast thrown up by the fermenta- 
tion an apparatus called a skimmer and parachute is provided. The skimmer is 

! wort and just pushes the yeast 
head into a parachute, which is 
a funnel-shaped vessel having a 
tube running through the bottom 
of the fermenting vessel into the 
yeast vessel below. 

The fermenting vessels are 
also fitted with coils of pipe 
called attemperators through 
which cold and hot liquor may 
be run to raise or lower the 
temperature of the fermenting 
wort to the desired degree. 
'I'his varies from s6°-75“ accord- 
ing to the strength of the beer. 
The wort, which has now by the 
process of fermentation been con- 
verted into what we know as 
beer, is now ready for putting 
into casks. This part of the 
process is usually desQribed as 
racking. For Rate of Fer- 
mentation see p. 240. 

In England, where top fermentation 
is employed at a high temperature, the 
process usually lasts about eight days. 
In Germany, however, where “ bottom 
fermentation ” is almost exclusively em- 
ployed, and the temperature is kept as 
low as 5®-6* C. (4 i“-43* ^'•)y the fer- 
mentation takes about twelve days. 

The progress of the fermentation is 
Fig. 1 2 1.— Copper Fermenting Round, with Jacketed followed day by day by the alteration 

Wood-Casing, Skimmer, and Tarachute. in the specific gravity of the clear filtered 

(LlewelUns& Tames, Bristol. wort, using the saccharoroeter for the 

purpose. On the Continent, Balling’s 
saccharometer is employed, and it reads 
directly the ** apparent extract” as degrees “Balling,” e.e,, in the wort sample, p. 275, the 
“ apparent extract” on the first day is 13.7, and on the twelfth only 6. The amount of “ true ex- 
tract” is also determined with the saccharometer, after removing the alcohol by boiling (the 
alcohol having a specific gravity less than i), and making up the volume to its original amount with 
distilled water. In the wort sample on p. 275 itamf)Uiit.s to 7 on the twelfth day; and, conse- 
quently, 13.7-7.0=6.7 per cent, of extract has disappeared, having been converted into alcohol. 
Hence the “ degree of fermcnlMtion ” of the wort is : — 


loss of ext ract 
original extract 


6.7 

X 100= — i-x 100 = 49.0. 

13-7 


The storage period in cask varies to a large extent, some beers being sent out 
immediately after racking, and others being kept in cask for a long time, sometimes 
twelve or eighteen months or longer. Racking is mostly done in the cellars, which 
should be kept at an even temperature all the year round. 
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Alteration in a Wort during Fermentation 



Original Wort 

Eighth Day. 

Twelfth Day. 

Specific gravity . - - . 
Per cent Balling (apparent extract) 

True extract 

Alcohol 

Maltose 

Nitrogenous substances • 

Ash 

P2O5 

Maltose • non-maltose - 

Degree of fermentation - - - | 

I 056 

137 

13 7 

0 

8 88 

083 

0234 

0 084 

1 0 54 

I 028 

67 

76 

29s 

3 34 

0 66 
a 222 

0 079 

I I 27 
44-5 

1*025 

6 0 

70 

3*25 

2 19 

0 60 

0 220 
0078 

1 • 2 xo 
490 


The beer, or barm ale as it is called, is drained or pressed from the yeasts which 
have been skimmed oflf through the parachute into the yeast back, and is returned 
to the fermenting vessel, whilst the yeast, or such as is wanted, is carefully placed 
in a cool place for use in a future brew The residues from the brewing operations 
are spent or exhausted grains, hops or yeast or, as it is commonly called, barm, and 
there are various markets open for these commodities. 

In Germany a portion of the excess yeast is used for making yeast extracts {Ovoi^ Strts) Mor< 
recently, prepared yeast has been placed on the market as human food, as a substitute for meat 
For this purpose the yeast is freed from the bitter hop taste by treating with sodium carbonan 
solution About 10,000 tons of yeast from German breweries can be utilisS annually m this way. 

Bottled Beer for export is usually pasteunsed by heating on the water bath for a half to one houi 
at 50®-6 o® C The use of antiseptics such as salicylic acid, boracic acid, saccharine, etc , for preserv- 
ing beer is unnecessary, and, indeed, highly injurious 

A good percentage of alcohol, strong hopping, and perfect cleanliness m manufacture render the 
beer quite stable 

One great essential for successful brewmg is cleanliness. 
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FOREIGN SYSTEMS OF BREWING 

Manufacture of German Lager Beer 

The general trend of brewing within recent times has been in favour of light, 
bright beers, containing less alcohol and hops than the older types of beer. 

This trend has resulted in the almost universal production in Germany of beer, 
which IS not only more palatable, but also less intoxicating and more easily 
digestible than most kinds of English beer. 

German beer (termed “ Lager ” in English, but “ Export Bier ’’ in Germany, 
the term “Lager” being reserved in that country for a somewhat different sort of 
beer) is produced on entirely different principles from English beer. English beer 
is produced by a process of “ Infusion,” whereas German beer is the result of the 
“ Decoction ” system. 

The process is as follows . — 

Mashing — The “grist,” or ground malt, is mashed with cold water until 
thoroughly mixed, the temperature of the mash-tun being kept at 85"-ioo° F by 
the addition of hot water 

One-third of the mash is then run into the mash copper {Matsch Kessel)^ and 
heated at i66* F. until the milky fluid becomes transparent, the starch being then 
rendered soluble by the diastase 

The Dickmaische (as the fluid is now called) is boiled for a quarter to three- 
quarters of an hour, then a portion run back into the mash-tun proper, so as to 
raise the temperature of the whole to iio®-i25*’ F. After a few minutes another 
third is withdrawn and treated as before, forming the second Dickmaische 
This IS again returned to the mash-tun, and the whole thoroughly worked up, and 
allowed to stand, so that coagulated albuminoids, etc , may settle out Then another 
third, which from its being a practically clear mash is called the Lauterftiaische, 
IS withdrawn and thoroughly boiled to precipitate all albuminoids, and then again 
returned to the mash-tun, where the mashing is continued until the final tempera- 
ture is just over i6o“ F The hops are added, and the wort run off and cooled 
to a low temperature, and yeast added. 

Fermentation of the Wort. — Here again the procedure differs entirely from 
the English practice. In the English top-fermentation system the wort is pitched 
and fermented at a relatively high temperature, viz, 55*-66* F. Moreover, pure 
yeast cultures cannot be used with success because the fermenting vessels are of 
great size, and present a large surface to the air for infection Also the yeast comes 
to the top of the liquor and there develops (top-fermentation), forming the head. 
The primary fermentation is very vigorous and rapid, being complete in two to 
three days, while the secondary fermentation is (in the case of running ales at least) 
over in fourteen days Consequently the high temperature and surface exposure 
of the yeast (which are essential features of the English system) cause infection by 
foreign yeasts, and a rapid deterioration of any pure yeast culture used results. 
Also it is generally believed that there is no single type of yeast which will produce 
characteristic English beer. The simultaneous action of several species of yeast 
are necessary. Hence in English breweries pure single yeast cultures have not 
been a success (although the use of mixed pure cultures has been more promising). 
Some breweries, however, have used them successfully. See “ Brewery Infection 
and Pure Yeast,” by R. L. Sian, Imt Brewings 1906, vol. xii., p. 118. 

On the Continental system, however, all is quite otherwise. Here the yeast 
IS a bottomfermentation sort, and the pitching and fermentation takes place at very 
low temperatures in cellars cooled artificially to 37*-38* F., and the fermentation 
vats are small m area. The yeast formed m the fermenting wort (the temperature 
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of which is seldom above 50* F.) lies at the bottom of the fermenting tun (hence 
the name bottom-fermentation yeast) 

All these conditions are eminently suitable for the employment of pure yeast 
cultures and the maintenance of it in an uncontaminated state Hence the 
practice of brewing with pure yeast is universal in Denmark, Norway, Sweden, and 
IS used in most of the breweries m Germany and Holland and in many cases m 
America. 

After eleven to twelve days the primary fermentation of the yeast is complete, 
and the beer is stored in casks in an ice-cold cellar for one and a half to six months 
or more, according to the class of beer produced 

Nathan (German Patent, i 35 , 539 » November 1902) produces a good tasting beer m so short an 
interval as eight days by rendering the wort completely sterile in completely closed enamelled 
vessels, adding the yeast and blowing sterile air through the apparatus, whereby the yeast very 
rapidly develops. The process has excited much attention For aetails see patent 

Differences between English and Foreign Beers. — It should be observed 
that the English beers, produced on the infusion system, contain more alcohol 
and are more stable than the German or decoction beers The latter also contain 
more unfermented malt extract and so are more nutritive than English beers ; they 
are also less heavily hopped and more heavily peptonised than English beers 
Since they are produced at very low temperatures they hold in solution a larger 
amount of carbon dioxide than English beers 

English beers, however, are more stimulating and far more durable For 
example “lager” beer cannot be kept on draught, and will not keep unless placed 
on ice Consequently if a cask of lager beer is opened it must be rapidly consumed, 
for m a very few hours it becomes undrinkable, the gas rapidly escaping and the 
beer becoming flat and unpleasant In Germany, therefore, every publican must 
have a supply of ice, which is frequently delivered by the brewery together i^ith the 
beer 

Certain “alcohol-free” beers which are manufactured are either merely malt 
extract or very weakly fermented beers containing but very little alcohol 

• 

Composition of English and Foreign Beers — The following analyses will 
give a general idea of the different compositions of the various English and 
Continental beers — 


Beer 

Total Solids 
(Extract) 
per Cent 

Alcohol 
per Cent 

English 

Beers. 

Pale ale 

Light bitter .... 

Stout 

4 32 

396 

5 27 

558 

3 34 

6 II 


r Munich lager - ... 

695 

3 40 


„ export 

7 48 

4 12 

German 

Beers. 

Pilsener - - - - - 

Berlin Komgstadt (light) - 

5 10 

4.19 

3 49 

5 28 

„ „ (dark) 

7‘73 

394 


Nilrnberger (dark) - . - - 

6 09 

351 


Berlin weiss beer 

421 

282 
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V— SPIRITS AND INDUSTRIAL ALCOHOL, 
INCLUDING DISTILLING PLANT 

By G. Martin, Ph D , D Sc., and W H. Stephens, A R.C S. 

LITERATURE 
(See also under Distillation^ p 295) 

Maercker-Delbruck — “ Handbuch der Spirit usfabnkation '* 9th Ed Berlin, 1908 
Bucheler et L^gier — “ Fabrication de TAlcool ” Tomes 1 and 11 Pans, 1899 
Gaston Dejonghe — “ Fabndation de TAlcool et des Levures ” 3 vols Lille, 1899-1903, 
W T Brannt — “Distillation and Rectification of Alcohol ” Philadelphia, 1904 
Stammer Bucheler — “Die Branntwein-Industrie ’’ Braunschweig, 1895 
Moewe — “ Destillierkunst u Likorfabrication 9th Edition Berlin, 1892. 

S Feitler — “Alcohol aus Holzabfallen ” (Pamphlet ) Vienna, 1904 
J K Brachvogel — “ Industrial Alcohol ” London, 1907 
R F Herrick — “Denatured or Industrial Alcohol New York, 1907 
J G M'Intosh — “ Industrial Alcohol ” London, 1907 
A Gaber — “ Destillateur u. Spirituosenfabrikant ** Vienna, 1901 
h B Wright — “Distillation of Alcohol and Denaturing ” New York, 1906. 

United States Senate — “ Alcohol in the Manufactures and Arts ” Washington, 1897. 
D SiDERSKl. — “ Les Usages Industriels de PAlcool ” Pans, 1903 

J A Nettleton — “The Manufacture of Spirit as conducted at the various Distilleries 
of the United Kingdom London, 1893 “Whisky and Plain Spirit Manufacture ” 
Aberdeen, 1913 

Eidherr — “Spiritus und Press Hefe-Fabnkation ’’ Vienna, Leipzig, 1898 
“ Report of the Royal Commission on Whisky and other Potable Spirits (1908) ’* Contains 
a very full account of the whole subject, including the manufacture and analysis 
N Wender — “ Verwertung des Spiritus fiir Technische zweeke Vienna, 1904 
M L Calvet — “Alcools” 1911 

G. Cecil Jones — Articles “Alcohol,” “Wines and Spirits,” in Allen’s “Commercial 
Organic Analysis.” 

Uses of Alcohol — The greater part of the spirits now produced is consumed 
as a beverage in the form of brandy, rum, whisky, cognac, cherry brandy, etc etc 
Part, however, is used in making “ liqueurs,” which are alcoholised wines 

Alcohol is also used on a very large scale technically for heating purposes 
(“ methylated spirits ”) in spirit lamps, for alcohol lamps, for motor engines, for 
the manufacture of ether, chloroform, chloral hydrate, glacial acetic acid, aniline 
colours, celluloid, xylonite, collodion, fulminating powder and explosives, transparent 
soap, synthetic camphor, artificial silk, synthetic aconite, belladonna, and other 
drugs, photographic emulsions, lanoline, vinegar, artificial lubricants, furniture 
polish, varnish, lacquers, enamels, quick drying paints, dissolving resins for hat 
makers, goldbeaters’ skin, extracting vegetable alkaloids, etc etc. It will be seen, 
tnerefore, that apart from its use as a beverage, alcohol is one of the most important 
chemicals, and its cheap production is absolutely essential for the development of 
many new industries For such industrial purposes it is left tax free, but is made 
undrinkable by the addition of unpalatable substances (see Denatured Alcohol) 
p 281) For such technical purposes Germany in 1904-05 used no less thar. 
32,000,000 gals of industrial alcohol, and the United Kingdom in 1908-09, 
6,280,000 gals, while 440,000 ga/s of alcohol (21,000 gals being methyl alcohol) 
were used in a pure state in the manufactures, or for scientific purposes 
(hospitals, etc ). 
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The use of alcohol as a motor fuel, i ^ , as the explosive agent in an internal combustion motor, 
IS a modern development of engmecring practice. It is cleaner than petroleum, and far less 
dangerous to use than gasolene, but alcohol motors are difficult to start, and as a power producer 
it IS slightly inferior to gasolene, and slightly dearer Should, however, as seems probable, the 
price of gasolene rise, there is little doubt that alcohol motors will come widely into use, and great 
improvements in design are, no doubt, possible, since an explosive mixture of alcohol vapour and 
air can be used under far higher compression without auto ignition than a similar mixture of 
gasolene and air The heating value ot alcohol lies between 13,310 and 10,080 B T U per pound 
The following table is instructive . — 


Motor Fuels. 


Fuel 

Heating Value 
per Pound, 
BTU 

Cost per 
Gallon 

Specific 

Gravity 

Cost of 10,000 
BTU 

Gasolene 

19,000 

7id 

0 710 

o66Sd 

Kerosene 

18,500 

6id 

0 800 

0 501(1 

Alcohol (90 per cent ) - 

10,080 

7id 

0 815 

I 095 d. 


Alcohol lamps have a fairly extended use on the Continent, the colourless hot flame of the 
burning alcohol being used in the same way as our ordinary bunsen gas burners to heat an 
incandescent mantle A very powerful light is thus obtained Such lamps, however, have to be 
started by burning a little alcohol in a pan, thus heaUng the alcohol until part gasifies. They are 
not, therefore, so convenient as oil or gas lamps 

Undoubtedly the most extended use of industrial alcohol is for heating purposes, such as boiling 
water in small spirit lamps m the household 

The amount of alcohol (pure) consumed per head of the population of the chief countries of the 
world is shown by the following statistics — 


Alcohol Consumed per Head of Population 






In Brandy, 
Spirits, etc 

In Beer, etc 

In Wine 

Total 

England - 




Litres 

2 4 

Litres 

6 3 

Lures 

03 

90 

Germany - 



- 

40 

4 8 

0 6 

94 

I ranee - 




38 

I 0 

10 3 

15 I 

Austria Hungary 




38 

I 8 

1 

78 

United States - 



- 

2 6 

3 3 

0 3 

6 2 

Denmark 



- 

7 2 

3 9 

II I 

Sweden - 



- 

40 

I 5 


5 5 

Russia 



• 

2 4 

0 2 


2 6 


The production of industrial alcohol, containing 80-97 per cent of alcohol, first 
became a great industry when the stills were improved so that it became possible 
to obtain alcohol of this strength at a single operation directly from the alcohol- 
\yeak fermented mash At the present time, especially on the Continent, the 
centre of gravity of the spirit industry lies in distilleries producing ^‘silent spirit” 
of o\er 80-90 per cent alcohol, and not in those directly producing whiskies 
brandies, etc , containing 20-60 per cent of alcohol The latter are now produced 
as a rule from “silent spirit” by suitable dilutions with ^^ater, etc 

The ordinary brandy, whisky, etc , contain from 20-60 per cent of alcohol 
In so concentrated a form the alcohol acts as a poison to the nervous system in a 
manner similar to opium or tobacco, producing at first a stimulating effect, which 
afterwards generates a craving for the drug, and causes the distressing effects of 
alcoholism \\hich are matters of common knowledge 

Alcohol of more than 60 per cent also produces poisoning by its dehydrating 
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effect. Small amounts of alcohol, such as exist in beer and wine, if taken in 
moderation, cannot be regarded as injurious to health. 


The following statistics relating to alcohol are of interest as showing the progress of the industry 
in the chief civUtsed countnes . — 

England produced in 1906-07, 1,413,000 hi.,* 100 per cent, alcohol (i hi. *220 gals.), 
principally gram alcohol. 

The United States (1908 09), 2,647,000 hi , also principally from gram 
Austria- Hungary (1908-09), 2,647,000 hi (from maize and sugar beet molasses). 

Russia (1906), 4,182,000 hi (half from potatoes, half from gram) 

France (1908-09), 2,538,000 hi , principally from sugar beet, as shown in the following table — 


1,259,000 hi (100 per cent ) from sugar beet 

448.000 ,, ,, „ molasses 

363.000 ,, ,, ,, potatoes and otlier starchy material 

212.000 ,, ,, ,, wine 

256.000 ,, ,, „ apples, pears, wine lees, etc 

It will be seen that by far the greatest amount of spirits is in this case produced frorn^ the sugar 
beet, both from its sugar-rich juice and from molasses, the uncrystalhsable residues of beet sugar 
factories Potatoes play but little part in the industry 3,000 industrial distilleries exist in France, 
and a very great number of small “ farmer distilleries” (300,000) 


Germany in 1908-09 produced 4,255,100 hi (100 per cent ) of alcohol, as shown in following 
table — 

3,419,200 hi from potatoes (from 6,400 “farmer” distilleries) 

408,900 ,, grain (from 730 industrial distilleries and compressed yeast 

manufacturers) 

291,700 „ gram in 6,600 “farmer” distilleries 

86,800 ,, molasses (27 molasses distilleries) 

48,500 ,, fruit (apples, etc ), wine, yeast, etc , m 60,000 very small 

distilleries 


Total 4,255, 100 m 74,000 distilleries 


As raw products, nearly 3,000,000 tons of potatoes, 293,000 tons of gram (rye, bailey, mai/e), 
and 32,000 tons of molasses are used Contrary to France, m Germany little spirit is produced 
from sugar beet or molasses This was a consequence of the taxing of the mash capacity of the 
vats, which made the economic working of their mashes impossible Since the vat tax (in 1909) has 
now been abolished, we may expect shortly to see in Germany a great increase in the amount of 
alcohol produced from sugar beet and molasses 

Of the total amount of German alcohol produced, 2,651,000 hi (4 2 1 per head) is consumed 
as a beverage, and 1,480,000 (2 3 I per head) for industrial purposes 175,600 hi (100 per cent ) 
were consumed m the manufacture of vinegar, but the bulk of the industrial alcohol is used for 
burning purposes, spuit lamps, etc. 


Taxation of Alcohol 

Distilled spirits when used as a beverage are subjected to very high taxation m all civilised 
countries, the taxation so greatly exceeding the cost of production that the whole industry is more 
or less completely dependent upon the pai^cular excise laws of each country. In England (1909) 
a spirit duty of ns per gallon of proof spint is levied; the cost of production being only about 
IS. 6d per gallon. The revenue derived this source m 1908-09 amounted to iri7>456,^ 

The number of distilleries at work throughout the United Kingdom in 1909 was 166 (England 
8, Scotland 132, Ireland 26) The number of proof gallons retamed for consumption m the United 
Kingdom was (1908-09) 32,000,000. In Germany the excise was until 1909 levied on the 
capacity of the fermenting vats, and consequently the German distillers work with as concentrated 
m^es as possible, up to 22*-25*^ Brix In 1909 this mode of taxing the capacity of the vats ceased, 
and so the character of the German distillenes may be expected to alter considerably m the near 
future A duty of 105-125 m. per hectolitre is now levied (1910), the exact amount of duty varying 
with the maximum amount of alcohol given by each distiller every ten years— the Imer tibe 
production the larger the tax. An additional tax of 4-14 m. protects the small “farmer distilleries” 
against the large mdustrial concerns— the larger the distillery the greater the tax. In 1910- xi m 


hectolitres too Utress 22.OZ gallons. 
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Germany the amount of spirits retained for consumption amounted to i, 780,000 hi. (2 7 1 per head). 
The du^ levied on imported spirits is 275-300 m. per i dz * The to^l revenue raised m Germany 
bv the spirit duty amounted in 1908-09 to 162,700,000 m The co!^ of manufacture of i hi of 
alcohol (100 per cent) is 25- w m. The selling price of the taxed fine alcohol is 150-175 m. 
per hectolitre. In the UmtM States the numto of distillenes operated is about 1,800 The 
capital invested m distilleries and the production of potable spirits amounted to $50,101,000 in 
1904, and to $72,450,000 m 1909 (increase, 45 per cent). The value of the products increased from 
$131,270,000 (1904) to $204,6^,000 (1909) The import of distilled spirits amounted in 1910 
to $7,228,000, on which a duty of $9,116,000 was raised (126 12 per cent). 


Denatured Alcohol 

Alcohol for industrial purposes t is now duty free m most countries including England. The tax 
on such alcohol for many years most injuriously affected the industry m fine chemicals in England. 
To such alcohol, however, substances must be added so as to make it undnnkable The substances 
added must be of such a nature as to render their removal very difficult by simple operations. In 
England completely denatured alcohol (mmeralised methylated spint) is made by addmg i part 
of wood napntha to 9 parts of gram alcohol (50 per cent ab<yve proof), and to the mixture 
0.385 per cent of mineral naphtha (petroleum of ro gr. not less than o 800) In the U S the 
denaturing mixture is J vol benzine -f 10 vols methyl alcqhol to 100 vols ethyl alcohol. Com 
pletely denatured alcohol is allowed to be sold only by licensed retailers for general use (but not foi 
making beverages or medicines) 

Incompletely denatured alcohol (industrial methylated spirits) consists of not less than 
5 per cent of approved wood naphtha or other substance or combination of substances approved of 
by the Commissioners of Customs and Excise 

The wood naphtha used must be so impure as to render undrinkable alcohol to which it has 
been added It must contain not less than 72 per cent by vol of methyl alcohol, and not more than 
12 g per 100 C.C of aldehyde, acetone and ketones (estimated by Messingcr’s iodoform process 
as acetone) nor more than 3 g of esters (estimated as methyl acetate by hydrolysis) At least 5 c.c. 
of N/to acid must be necessary to neutralise 25 c c of the naphtha ; not more than 30 c c of the 
naphtha should decolonse o 5 g of bromine in aqueous solution. 

Industrial methylated spirits can only be purchased for manufactunng operations from 
a methylator Specially denatured alcohol, suitable for particular industnes, is allowed in cases 
where the presence of the above-mentioned denaturants would be injunous The United Kmgdom 
produced in 1908 09 of mdustrial methylated spint, 3,884,740 proof gals and 2,395,306 gals of 
mineralised methylated spirit 

In Germany the usual denaturing agents for ordinary alcohol used for burning purposes is 
2 per cent by volume of wood spirit -h i per cent by volume of pyridine bases , or a mixture of 
benzol and light petroleum In alcohol used for the manufacture of acetic acid the addition of 
acetic acid is allowed as a denaturant Alcohol used for the manufacture of ether and coUodium 
IS denatured with 10 per cent ether or camphor To alcohol for varnishes J per cent turpentme 
is added 


Benefits of Industrial Alcohol to Agriculture 

Alcohol can be produced in practically unlimited quantities from a great vanety 
of farm produce, so that every kind of soil and climate can be utilised It can 
even be made from spoiled crops, corn stalks, refuse, etc The alcohol so produced 
furnishes a cheap and excellent motive power of engines, and no doubt, after the 
exhaustion of the coal and oil supplies of the world, will be the ultimate fuel of 
mankind For sunshine only is required for the production of the starchy materials 
from which alcohol is produced, and there is no exhaustion of the soil in the 
process Only carbon, hydrogen, and oxygen are withdrawn from the air under the 
influence of sunlight, and, after the combustion of alcohol, they come back again 
as carbon dioxide and water The nitrates, phosphates, lime, etc , absorbed from 
the soil by the growing vegetation, all remain in the immediate neighbourhood m 
the liquid wash from which the alcohol has been distilled off, and being used as 
fodder, are returned to the ground as manure. 

In England and U. S. A. the bulk of the spirits produced is manufactured from grain. This was also 
the case in Germany one hundred years ago, but now, in that country, the bulk of the spirits is produced 


1 dz. « 100 kilograms:is A ton. 


t See/iwm. Soc Ckem, Ind,^ 1915, 34, 53. 
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from potatoes, which give a heavier and cheaper yield of starch per acre than any other vegetable 
and enable a very pure spirit to be easily obtained In Germany, too, the manufacture of spirits is 
of very great benefit to agriculture, for it is carried on by the mutual co-operation of farmers, who 
sow their own potatoes and then cart them to a joint-owned distillery, where they arc converted into 
alcohol in the winter months (up to May), while the spent wash and residues, rich in nitrogenous 
matters, is utilised as a cattle-food on the farms 

Consequently hand in hand with the production of alcohol there goes on an extensive breeding 
of cattle, which again produce the manure necessary for the continuous cultivation of crops. In 
1906 no less than 71,000 of these so-called ** farmer distilleries” were m operation. Besides these, 
however, were about 1,000 industrial distilleries, usually situated in or near a town, many of such 
distilleries specialising in the manufacture of yeast as descril^d under that heading 

Four kmds of distilleries may be recognised — 

1 Those producing alcoholic beverages containing 25-60 per cent of alcohol In this class 
come the whisky and brandy manufacturers 

2 Those producing absolute alcohol up to 80-95 cent , such alcohol being in too concen- 
trated a form for drinking purposes Under this heading may be classed the German potato 
distilleries, the great maixe and molasses distilleries, and generally, manufacturers of industrial 
alcohol. 

3 Alcohol rectifiers, where the crude 80-95 cent alcohol is redistilled and purified 

4. Compressed yeast manufacturers. In tnese distilleries the mam object aimed at is Uie 
production of yeast, the spirits being produced as a by-product 
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RAW MATERIALS USED IN THE 
PRODUCTION OF SPIRITS 

Although alcohol can be obtained from the ethylene, CgH^, contained in coal 
gas, or directly from acetylene, CgHg, from calcium carbide, by means of con- 
centrated sulphuric acid, yet in practice it is almost invariably obtained from sugar 
or starch, although attempts, attended with a certain amount of success, have been 
made to produce alcohol from wood cellulose (See Alcohol from Wood, p 294 ) 

The raw materials for the production of spirits may be divided into three great 
classes, as follows — 

I. Alcohol'COntaining Materials — In France, Spain, Italy, and m fact 
all lands where wine is produced on a considerable scale, spirits are produced by 
distilling wines or wine lees Such spirits are known as brandies, and are much 
valued on account of their pleasant aroma, due to wine fusel oils. Genuine 
brandy is obtained by distilling wine in small pot stills The best brandies, called 
Cognacs (Charente and Charente Inferieure) from the districts in which they are 
made, are of a peculiarly fine and delicate character, and fetch 1,000 francs per 
hectolitre They are made from light white wines possessing no marked bouquet 
They are used for adding to champagne The fuller and more aromatic wines of 
Burgundy and the Gironde do not yield such good brandies A large amount 
of brandy is also made by adding water to wine lees (1 e , the pulp of skins, pips, 
wine yeast, etc , remaining in the wine press) and distilling Artificial cognac oils 
(see p 251) are largely manufactured for adding to cognacs Brandies improve 
with age 

2 Sugar-containing Matenals. — It is also possible to produce alcohol 
from sacchanferous substances, such as sugar beets, figs, amber cane, and especially 
the residual molasses from sugar manufacture As these substances already con- 
tain sugar they do not need the mashing process necessary with starchy raw 
materials, and may therefore be ground up and directly fermented with yeast 
France produces more than one-third of her spirits from the fermented juice of the 
sugar beet In Portugal the carob bean (St John's Bread) is fermented and 
distilled, and in Brazil strawberries In Jamaica and Cuba molasses and sugar-rich 
residues, such as cane megasse, from the manufacture of cane sugar are allowed to 
spontaneously ferment, and then are distilled for Rum Fictitious rums, however, 
are now made from alcohol flavoured with essential oils (“rum essence") Rums 
contain 50-60 per cent of alcohol, and sugar is often added. Arrak is produced 
in Java in a similar manner from the cane sugar and the sugar-rich juice of the 
sugar palm, which is allowed to ferment, either spontaneously or with the addition 
of certain nee yeaists 

Cherry brandy and plum spirits are produced by distilling fermented cherries 
or plums and contain oil of bitter almonds and a trace of hydrocyanic acid. 

< Gin IS obtained by distilling plain spmt in the presence of flavouring agents, 
such as juniper, angelica, cinnamon, sweet fennel, coriander, etc Flavouring 
agents are often added after distillation Sweetened gin contains 3-6 per cent 
of sugar. 

In short, all sweet fruit juices of kernel and other fruits (apples, pears, melons, 
figs, raspberries, strawberries, rowan berries, etc ), when mixed with sugar, and 
fermented and distilled, yield brandies of various aromas 

3. Starch-containing Materials — Corn and potatoes form by far the most 
important alcohol-producing materials In England most of the spints are made 
from wheat, barley, and nee Scotch whisky is made from malted barley. In 
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Germany nearly 8o per cent, of the total amount of spirits manufactured is made 
from potatoes, the remainder being made from wheat, rye, and maize, 
the simultaneous production of compressed yeast. In France beet molasses and 
wine form the principal source of spirits, potatoes and com contributing little to 
the total amount manufactured Hungary and the United States make a large 
amount of spirits from maize, and Russia from rye. The use of potatoes, however, 
IS extending in these lands, especially in Hungary and Russia — nearly half the 
spirits produced by the latter country now being manufactured from potatoes 

In hot countries a potato (sweet potato, Carolina potato^ which also 
contains, besides starch, a considerable amount of sugar, is an important raw 
material for the manufacture of spirits. It is cultivated in Brazil, the West Indies, 
the Azores, Algiers, etc. etc 

Potatoes contain 16-24 pcr cent, starch, i 95 per cent nitrogenous substance, and 75 per cent, 
water Recently potatoes have been put on the market in a dried powdered form 100 parts of 
dry potatoes contain Starchy matter, 70-78 per cent ; protein, 6 per cent , water, 9-18 per 
cent Maize contains on the average Starch, 68 per cent , moisture, 13 per cent , protein, 
10 per cent Wheat contains 50-70 per cent starch, and 7-21 per cent protein. Oats contain 
58 per cent starch, 10 per cent protein Rye contains 68 per cent, starch, 1 1 per cent protein. 
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THE MANUFACTURE OF SPIRITS 

In a gram or potato distillery three and sometimes four mam operations take 
place, namely : — 

1. Mashing, I.e, the conversion of starch into sugar by means of specially 
prepared malt. 

2. Fermenting and yeast production 

3. Distillation of the alcohol ; and, sometimes, 

4 Refining the alcohol by redistillation. 

In brandy and molasses distilleries the mashing process and malt preparation is 
unnecessary. Only the fermenting (2) and distillation (3) takes place 

The mam operations of the brewer and distiller are identical in that both 
convert starch into sugar by means of diastase, and sugar into alcohol by means 
of yeast. But otherwise the method of operation in the two cases differs consider- 
ably. Thus the brewer seeks to produce becr which contains only a small amount 
of alcohol and has other constituents, such as the dextnnes, flavounng pnnciples, etc , 
of equal importance He does not, therefore, completely convert his starch into 
maltose, otherwise a very thin beer, lacking body and palate, would result But 
the distiller’s object is to produce alcohol as such, and with this aim in view he 
carries his fermentation as far as possible, converting as much as possible of his 
starch into sugars, avoiding the formation of dextnnes and fermenting these into 
alcohol 

The colour of the grain and the nature of the husk — which are of vital importance 
for the production of a palatable beer — matter little to the distiller, provided only 
that the grain is sound, contains a high percentage of starch and nitrogenous matter 
— the latter being necessary because much nitrogen-rich diastase must be produced 

Barley intended for distillers’ malt is cleaned, graded, and steeped for a period 
ranging from two to four days, a somewhat longer period than is usual for brewing 
barley The steeping water is usually liberally treated with antiseptics (bisulphite, 
lime, etc ) to prevent the development of bacteria which may subsequently injure 
the fermentation. The brewer has no necessity to use antiseptics at this stage, as 
any such bacteria, if developed, are later destroyed when the wort is boiled and 
hopped. The distiller, however, cannot boil or hop his wort and so must take 
every precaution at these early stages to avoid bacterial infection The danger is 
especially great when maize is used for malting 

Malting Operations —In Scots pot-still whisky distilleries, where nothing 
is used except barley malt, the process of malting is carried out as in brewing (which 
see), the flooring period, however, being slightly longer In grain and potato 
distilleries, however, barley malt is used not so much as a source of alcohol as a 
source of the diastase to convert the starch of the grain or potatoes used in bulk 
for starch Consequently in such distilleries the malt is grown in such a way as to 
contain a maximum of diastase This, as the researches of Hayduck have shown, 
IS attained by allowing the malt to germinate on the floor for a twenty-day period 
(in contradistinction to the brewing period of seven to ten days — “ short malt ”), 
Since the mass of the diastase increases greatly with the progress of the growth of 
the malt Such malt is known as “ Long Malt,” the seven to ten day malt used 
in brewing being known as Short Malt.” It is obvious that the longer the malt 
grows the greater will be the loss of starch (which is converted into CO3 and sugars 
by the growing plant). In “Short Malt” the loss of starch amounts to about 
6 J per cent, of the starch originally present, but in “ Long Malt ” the loss nses to 
17 per cent. In other words, we obtain 100 parts of short malt for every 90 parts 
of long malt. Nevertheless, the 90 parts of the long malt contain as much 
diastase as 1 17-144 parts of short malt, so that in spite of the greater starch loss, 
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the preparation of long malt is of great advantage, enabling the distillers to effect 
a great saving in malt, sometimes as high as 50 per cent. Hayduck has shown that 
the relative diastatic strengths of short (seven to ten days) and long (twenty 
days) malt are : — 

For heavy barleys i : 1.285. 

For light barleys i : i 605. (Hence the advantage of using small grain for 
distillers ) 

Consequently the long malt process is employed in all modern distilleries 
To produce it the gram is subjected to a lengthy steep until it absorbs 40-45 per 
cent of water. It is then subjected to a very prolonged flooring of about twenty 
days at a moderate temperature (which should never exceed 63 5* F ). The 
development of mould fungi and bacteria is prevented by soaking the malt grain 
m dilute milk of lime (i part of lime : 100 parts barley) 

In contradistinction to the brewer, the distiller prefers grccn malt rather than 
kilned malt, because green malt possesses about twice the diastatic strength of 
kilned malt; the distiller regards his malt merely as an agent for saccharifying his 
starch and consequently will use as little kilned malt as possible. To the brewer, 
however, too much diastase is a positive disadvantage, as he does not want to 
completely convert all his starch to sugar, and the process of kilning is necessary 
to restrict the diastatic power of the malt and impart flavour to the beer It 
should be noted, however, that the malt whisky distiller relies to a great extent 
on the kilning process for the development of the peculiar flavour of Scotch or Irish 
whisky, and consequently can only make a limited use of green malt. Also com- 
pressed yeast distillenes find that a certain proportion of kilned malt is necessary 
Indeed, in hot weather it is often difficult to obtain a good supply of green malt 
as it will not bear carriage for any distance. Hence when the distiller finds himself 
unable to use green malt, he resorts to a malt which has been kilned at the lowest 
possible temperature. 


Other Kinds of Malt 

The diastatic power of malt made from vanous kinds of com is given in the following table 

Barley malt • 

Oat malt 
Maize malt 
Rye malt 
Wheat malt - 

Wheat malt is too costly for general use. 

In spite of the low starch -transforming power of oat malt, it is used on a considerable scale, 
usually mixed with barley malt, because the zymase content of the yeast is considerably increased 
by the addition of the oat malt, and it acts very rapidly in the mash-tun Maize malt is used for 
spint manufacture in countnes where barley is expensive. Rye is malted with barley or oats. 

Diastase from Fungi-— The Amylo Process —In large com distilleries in France, Belgium, 
and Hungary utilisation is made on a large scale of the diastase-secreting fiin^, Amyhmyces Rouxit^ 
instead of malt A sterilised com (usually maize) mash contained in a closed vessel is inoculated with 
a very small quantity— one-tenth of a gram is sufficient — ^and filtered air is blown through the fluid for 
twenty hours. The mould develops very rapidly and converts the starch Then pom yeast 
culture IS added, and fermentation proceeds on ordinary lines Although the mould u itself 
capable of fermentmg the sugar itself, the yeast acts more rapidly and gives a greater percentage 
of alcohol. Hence both act together, the mould transforming the starch into sugar and the yeast 
and sugar into alcohol One gram of culture transforms 25 tons of com, and saves 3 tons of malt 
and X ton of starch used in the malting Moreover, the mash is stenlis^ and worked in closed 
vessels, so that undesirable bacteria, etc , cannot develop — which is a great advantage Technical 
difficulties have prevented the application of the mould to working potato starch. Another mould 
fungus, Eurottum from Japan, sacchanses starch exactly like malt. It contains diastase, 

which can be extracted with water and added to the mash to be converted (see pp. 226, 249). 


o 30 
o 28 

093 


Theory of Masbing for Spirits 

The brewer does not seek to completely transform all his starch into sugar. 
He must have in his wort a certain pro^rtion of dextrine and similar non-ferment- 
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able carbohydrates, otherwise his beer will be thin and poor. Moreover his 
wort, before fermenting with yeast, is hopped and then, sterilised by boiling. 
Quite otherwise is it with the distiller. He desires to convert his starch entirely 
into fermentable sugars (to obtain a maximum yield of alcohol), and he cannot 
sterilise the wort so obtained by boiling before adding the yeast for the 
following reasons In the first place mashing should be carried out at low 
temperatures in order to allow the diastase to act more powerfully than in the case 
of brewers' wash, and in the second place the diastase is allowed to act during the 
period of alcoholic fermentation. If the wort were boiled before adding the yeast 
the diastase would be destroyed (as it is in brewing), and so the diastase could not 
act during the period of alcoholic fermentation, and a large proportion (as in 
brewing) of the starchy carbohydrates would remain in an unfermentable condition 
It must oe understood that low-temperature mashing will not alone completely 
transform starch into fermentable sugars, being converted into dextnnes which are 
not further converted by diastase alone, but require the combined action of yeast 
and diastase to break them down completely into fermentable sugars. Hence it 
is that the distiller cannot boil his wort, and so sterilise it (as in brewing), because 
he would completely destroy his diasta se. This puts the distiller in a very dis 
advantageous position as compared to the brewer, as unsterilised wort forms an 
excellent medium for the growth of undesirable bacteria. He must therefore 
forego the full advantage of low-temperature mashing and heat the mash to a 
temperature which is unfavourable to the development of bactena He first heats 
the mash very rapidly to 130* F , when maximum sacchanfying action takes place, 
and keeps it at this temperature for a little time Then he heats rapidly to 
144* F , when the maximum liquefaction of the starch takes place, and finally he 
heats to i5o*-rs4* F, when most of the undesirable bacteria, etc, are destroyed, 
while the diastase is not senously injured in the presence of the large amount of 
sugar which has been formed, since Delbruch and Patzold have shown that diastase 
in solutions rich in sugar can withstand a temperature as high as 154* F. without 
being very much weakened, while m a very weak sugar solution it is senously 
injured at 146* 

Preparation of the Mash. — In the manufacture of whisky and other grain 
spirits, as carried on m the United Kingdom, the mashing apparatus is very 
similar to that used for brewing. The starchy matter, however, is more thoroughly 
extracted than is desirable in brewing by making several (Scotland, three , Ireland, 
two) successive mashings with the ground malt, the liquor from the last mash 
being used for mashing the next lot of malt 

In potato and maize distillenes, however, the mashes are made on a different 
principle , their starch must be gelatinised by steaming, and malt is only used as a 
source of diastase for converting the starch into sugar, and not as a source of starch 
100 parts of potatoes require 4-5 parts of green malt, while 100 parts of maize 
require 9-10 parts of green malt. Usually a small malting is run m connection 
with the distillery in order to produce the green malt fresh as required, since it will 
not keep 

T4|e potatoes are washed and placed in a conical shaped boiler, known as a 
Henze steamer or “ High Pressure Converter.” This contains at its upper end a 
manhole for charging with potatoes, and steam pipes, carrying high-pressure steam, 
are supplied at the top, sides, and bottom The apparatus is also supplied with an 
air-cock at the top, water-cock at the bottom, and a blow-out valve at the bottom, 
whereby the potato wash is blown into the fermentation vats. The apparatus is 
charged with potatoes and nearly filled with water. Steam is then allowed to-enter 
through the upper inlet pipe, the air-cock and lower water-cock being left open 
until all the air is displac^ and much of the condensed water has run off. The air- 
cocks and water-cocks are now closed and steaming continued until the internal 
pressure has risen to 2 atmospheres, the water-cock being opened from time to 
time to allow the condensed and amniotic water to run off — the last drawn amniotic 
water contains starch and is run into a preparatory wash vat The upper steam 
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valve is now closed and steam driven in through the lower inlet pipe until the 
pressure reaches 3-4 atmospheres; the apparatus is kept at this pressure for ten 
to fifteen minutes, then the lower steam inlet pipe is closed, while the upper inlet 
and blow-out valves are opened and the apparatus blown out. The sudden release 
of the pressure causes the superheated water and steam in the potatoes to 
explosively expand, and reduces them to a mash in which the starch is (all but 
2 per cent.) completely gelatinised and dissolved. The blowing out lasts forty-five 



Fig. 122. — High-Pressure Converter or Steam Cookers (Ilcnzc .Steamer) with 
Mashing Vats for Potatoes, etc. Llewellins James, Bristol.) 


to fifty minutes, the potato mash being forcibly driven through the conical end of 
the boiler into the mashing vat. 

When the maize is to b^e treated, the whole corns are fed into the converter or 
Henze boiler with the addition of some water and steamed three hours at 3-3A 
atmospheres. The mass must be continually stirred, and this is achieved either 
by a stirring apparatus or by blowing in steam tangentially through a number of 
holes in the body of the apparatus. Just before blowing out the pressure is 
increased to 4 atmospheres and the contents blown forcibly out at the bottom of 
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the boiler through the blow-out pipe, which is provided with a grating and a 
comminuting valve consisting of a cone-shaped lube with sharp screw edges and 
corners. The mass is blown forcibly against the sharp corners and the corns 
are smashed up, while the superheated steam and water in the corn grains, 
suddenly expanding under the reduced pressure, blow the grains into a pulp and 
gelatinise their contained staich. This treatment completely disintegrates maize. 
Since at these high temperatures and pressures carbohydrates begin to decompose 
and turn brown, Mandl steams ground maize in an open Henze steamer, and 
then blows out with compressed air at 4-5 atmospheres. The mash is quite white. 

The mashing and cooling vat (Fig. 1 24) consists of a stout iron vessel provided with 
a powerful screw at the bottom and a cooling system of copper pipes, through which 
cold water is driven. The 
hot mash pouring into the 
vessel is hurled by the screw 
against the sides and cooling 
pipes and is rapidly cooled 
to the proper temperature. 

The apparatus is furnished 
with a funnel provided with 
an exhauster in the form of 
a steam jet situated in the 
funnel. This causes a rapid 
evaporation and consequent 
cooling of the hot mash, and 
also accelerates the rate at 
w^hich the hot mass pours out 
of the steamer into the vat, 

The condensed water from 
the jet runs off through a 
pipe. 

'I'he method of mashing 
is as follows : — 

The calculated amount of 
finely ground malt for the 
saccharisation of the mash is 
placed in the mash vat with 
a little water, and while the 
mass is thoroughly agitated 
the hot mash from the Henze 
steamer is slowly blown into 
the vat. The blowing out is 
regulated by the exhauster 
and the amount of cooling 
w'ater, so that the temperature 
of the mash in this opera- 
tion is maintained at 130’ F. 

About five-sixths of the contents of the Henze steamer are withdrawn at this tem- 
perature, when the diastase acts most powerfully and the greatest amount of sugar 
is formed. 'The mash is allowed to stand tw^enty to thirty minutes at this maximum 
saccharifying temperature, then the temperature is raised to 144" F. rapidly by 
running more of the hot mash with rapid stirring and cooling, and the temperature 
kept at this height for some little time. Here the maximum liquefaction of the starch 
takes place, while injurious germs, are seriously weakened. Finally the rest of the mash 
is blown in rapidly and the temperature rapidly raised to 150^-154* F., when all un- 
desirable germs are killed. The process of saccharisation is complete in less than one 
hour. The mashing is now completed so far as its first stage is concerned, and after 
cooling to the proper pitching temperature, will be ready for the addition of the yeast. 


Fxc. 123.— Higli-ric 


‘ Converter fi»i Raw (iiain. 
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FfG. 124. — Centrifugal Mashing and Cooling Apparatus for Distilleries. 
(Gebriider Sachsenberg, Rosslau in Anhalt, Germany.) 


Testing the Sweet Mash. — Sugar solutions possess higher specific gravities than water. The 
gn'ater the proportion of sugar present the greater the .specific gravity, as the following table shows : — 


Balling’s Table of the Specific Gravities of Sugar Solutions at 

0 - 5 ° C. (63.5“ F.) 


Sugar in 

100 Parts by 
Weight of 
Solution. 

specific 

Gravity. 

Sugar in 

100 Parts by 
Weight of 
Solution. 

Specific 

Gravity. 

.Si^ar in 
100 Part.s hy 
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Solution. 

Specific 

Gravity. 

Sugar in 

100 Parts by 
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Solution. 

specific 

Gr.avily. 

0 

1. 0000 

20 

1.0832 

40 

1. 1794 

60 

1.2900 

I 

1.0040 

21 

1.0877 

41 

I. 1846 

61 

1-2959 

2 

1.0080 

22 

1.0922 

42 

1. 1898 

62 

1. 3019 

3 

1. 0120 

23 

1.0^7 

43 
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63 
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4 

1. 0160 

24 
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44 

1.2004 

64 
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5 

1.0200 

25 
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45 
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65 
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6 
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26 
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46 

1.21 1 1 

66 

1.3260 

7 

1.0281 

27 

I-II 53 

47 

1.2156 

67 

I- 332 I 

8 

1.0322 

28 
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48 

I. 2219 

68 

1-3383 

9 

1.0363 

29 

1.1247 

49 

1.2274 

69 

1-3445 

10 

1.0404 

1 30 

1. 1295 

50 

1.2329 

70 

1-3507 

1 1 

1.0446 

1 31 

I- 1343 

51 

1-2385 

71 

1-3570 

12 

1.0488 

! 32 
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52 

1.2441 

72 

1-3633 

13 

1-0530 , 

33 

1. 1440 

53 

1.2497 

73 

1.3696 

14 

1.0572 

34 
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54 
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74 
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55 
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57 
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19 
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59 

1.2841 

! 


at 17.5' 
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Conseauently, the determining of the specific gravity of the wort (by means of a hydrometer, 
called in this case a saccharometer) ^ves at once die approximate amount of sugar m the solution 
Usually the percentage of sucar is directly marked off on the neck of the instrument, the values so 
obtained being known as “acgrecs Balunfi;^” — from the name of one of the introducers of the 
method into 3 ie distillery. In England and America Bates’ saccharometer is largely used The 
results are usually marked correct for a certain temperature (usually 17 5® C , or 63 5'^F ), and the 
results for other temperatures are obtained by special tables 

Other tests applied to the sweet mash are — 

I. Iodine solution should produce no coloration Any trace of starch present which has been 
unacted upon by the diastase would give a deep blue colour, and shows that the diastase is not 
working emcientiy. 

2 The presence of active diastase in the mash liquid, after the starch has been converted, is 
necessary for the after-fermentation This is tested for by gelatinising 5 g of starch with 200 c c. 
water, cooling to 144* F (62 3® C ), and adding 5 c c. of mash liquid The starch should be 
liquified almost instantaneously, and after thirty minutes iodine solution should not give a 
coloration with the liquid. 

3 The acidity of mash is determined by titration with NaOH, so that the increase of acidity 
during fermentation may be known 

4 The amount of carbohydrates capable of fermentation is ascertained by inverting part of the 
filtered and diluted mash with HCl, neutralising, and estimating the sugars with Fehlmg’s solution 
in the ordinary way 

« 

Process of Fermentation. — Distillery yeasts work best at a temperature 
considerably above that most favourable to bre\iing types. If the distiller works 
at brewing temperatures brewing yeasts will predominate and these produce con- 
siderably less alcohol than proper distillery yeasts 75*-8i® F are temperatures 
favourable for distillery yeasts, 60“ F. for beer yeasts, and 40* F. for wild yeasts 
Distillery conditions of fermentation are very favourable to the development of 
bacteria (since distillers work with unstenlised wort and at high temperatures) 
which lower both the yield and the quality of the alcohol The most dangerous 
of these are the butyric, mannitic, and mucic bacteria These are suppressed by 
fermenting in a “ soured ” or acid wort and working at a high temperature The 
acid usually used is lactic acid, but hydrofluoric acid is coming into use A slightly 
acid wort favours the development of distillery yeasts, but checks brewery yeasts 
and bacteria. The souring is not carried out with the main wort, but a small mash 
(English “bub,” German Hefegut) specially mashed at 148*-! 58” F. from kilned 
malt, to which is added unmalted wheat, maize, or rye The potato mash itself has 
not enough yeast food for the vigorous propagation of yeast This mash is heated 
to 122* F (50* C.), and inoculated with a pure culture of lactic acid bacteria 
(sometimes the proper quantity of artificial lactic acid is added instead) At 
122® F they rapidly develop since no other bacteria appear capable of withstanding 
so well this high temperature in acid solution When about i per cent of lactic 
acid is present (determined by titration) the temperature is raised to 165* F. 
(73 9 * C ) to kill the lactic acid bactena and prevent souring proceeding in the 
mam wort. The liquid is then cooled to 80* F (26 7* C ), pitched with distillery 
yeast, cooled down very slowly with the attemperator to 60* F. (156* C.). The 
temperature then nses as fermentation proceeds, but must be kept under 85* F. 
Malt whisky distillers work at somewhat lower temperatures Fermentation is 
forced as far as possible to convert all the sugar into alcohol 

Under these conditions practically only distillery yeasts thrive. Thus it has been shown that 
>vhen a mixture of brewery and distulery yeasts have been applied three to four times to the sour 
wort, only pure distillery yeasts survive, the brewery yeasts having been killed 

Instead of lactic acid as the souring acid, a dilute solution of hydrofluoric acid has been used 
with great success, since the acid is poisonous to bacteria in an amount which does not aflfect 
distillery yeasts Such yeasts can be acclimatised to stand o 2 per cent of the acid, a Quantity 
which IS quite fatal to any bactena Consequently, worts treated with hydrofluoric acid produce no 
side fermentation ; while the acid, apparently, greatly stimulates the converting effect of the diastase, 
and thus permits low-mashing temperatures to be used 


The two distillery yeast races most widely employed and giving excellent results 
are Species II. and XII., which have been produced by Lindner in the laboratories 
of the Berlin Distillers' Assaaation. At the beginning of the season the 
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soured wort is pitched with the pure yeast culture, but as soon as this npens and 
develops part is withdrawn and used as mother yeast for developing a fresh supply. 
Since m the distillery the danger of infection at high temperatures is very great it is 
necessary to frequently renew the supply of yeast 

Ten to fourteen hours after pitching the yeast has increased four to five fold, and 
the yeast is “ ripe.” When this occurs it is run into the main or “ sweet ” wort and 
the fermentation begun as rapidly as possible, for if the yeast do not rapidly develop 
foreign bactena will make their appearance. The initial temperatue is 68* F., but 
the temperature rises as fermentation proceeds. The chief period of fermentation 
occurs after twenty-four hours, decreasing again after twelve to eighteen hours 
In this period of ** after-fermentation ” the diastase still present in the wort completes 
the conversion of any dextrine still present into maltose, which is then fermented 
by the yeast 

The temperature is kept during the whole fermentation under 86* (F 30* C ) 
by means of a cooling coil (attemperator), for at higher temperature much alcohol is 
lost by evaporation and deleterious by-products are produced. 


In Germany the worts are produced with as high a specific gravity as i no (“Thick Mash”) 
owmg to the method of raising the duty, and a dilution of the mash with water towards the end of 
the fermentation acts very favourably by lowering the percentage of alcohol and CO2, thus 
stimulating the yeast to a fresh degree of activity In malt whisky distilleries the specific gravity 
of the wort is i 050-1 060, but in gram distilleries the worts approximate the German gravity 

According to Maercker, concentrated mashes ferment more purely than thin mashes, and yield 
12 or more per cent of alcohol, which affords an excellent protection against injurious bacteria 
during fermentation Moreover, they are more economical as regards time, cost, and work for 
producing a given amount of spirit than a thin mash 

In Germany the employment of thick potato mash is universal, because the mashing capacity is 
subject to taxation, and consequently the mashes are made as concentrated as possible in order to 
obtain the greatest possible yield of alcohol from the mashing capacity 

As a rule for thick mashes the fermenting vats have a capacity of 3,000 5,000 1 In 
the case of thin mashes and for molasses the fermenting vats have often a capacity of 40,000 1 
Obviously the larger the vat the greater the amount of heat used for warming, etc , and for 
distilling the alcohol It is usual to allow one-tenth of the fermenting vat clear for nsing Thick 
mashes in Germany contain 23-25 per cent of sugar and dextrines In corn distilleries the mashes 
contain 14-16 per cent of sugar In France and other countries where sugar beet and molasses are 
fermented the mashes often contain considerably less sugar than this 

In Germany the total time for fermenting is fixed by the custom officials at seventy-two hours 


The following scheme (after Ost) shows the chief operations in a German potato distillery . — 


Potatoes (100 kg ), 

20 per cent starch, steamed in Henze 
apparatus, and blown out 


i 


Barley (3 kg ) 
Green malt (4 5 kg ). 


Potato mash-P green malt (2 kg ), 
mashed and saccharified at 173^-182*' F. 


Added to main mash. 


' 1 ^ 

Green malt (2 5 kg ), kilned and 
mashed at 190* F (yeast 
mash, bub) 

Soured at 122® F (50® C ). 

Cooled to 62’-68* (i7*-20* C.) and 

pitched with mother yeast. 

f 


Main wort -f yeast 


Fermented mash. 

'I' 

Distillation. 


COa~9 kg.ss4.6 cub. m« 


Mother yeast, J to for the 
next batch of yeast 


Spirits, 

ZI.5-12 1 . (10 per cent). 


Spent wash, 

Z50 1 ., contaming 9 kg. dry extract 


Yield. — As a rule about 2 per cent of starch remains in the skins, etc., of the 
potato or corn. Of the dissolved starch about 5 per cent, remains unfermented. 



SPIRITS 


293 


Further losses also occur during fermentation owing to the production of by-products 
such as lactic acid, acetic acid, succinic acid, glycerol, fusel oils, yeast cells, etc. 
Also a perceptible loss of alcohol through evaporation occurs. Consequently, 
although according to the equation + aCgHjOH -h 2CO2, 100 parts 

of starch are capable of yielding 71.6 1. of alcohol, in practice only 58 60 1. are 
obtained. 100 kg. of starch yield 46 kg. of COg ( = 24 cub. m.). This all escapes 
into the air as it is not economical to collect it. 

Alcohol from Beet and Cane Sugar Molasses 

Beet sugar molasses is somewhat difficult to ferment, firstly because it contains 
only a small amount of nitrogen and phosphorus for yeast foods, and secondly 
because of the presence of fatty acids and bacteria, which prevent the yeast from 
developing. 

The method usually adopted for working up these residues is as follows : The 
alkaline molasses is mixed with two to three times its weight of water, just acidified 
with H2SO4 or HCl, and boiled in open vessels to sterilise the fluid and volatilise 



Fir,. 1 25. — Fermenting Room of a Molasses Rum and Spirit 
Factory in Jamaica. 

(Designed by George Stade, Berlin.) 


some of the objectionable fatty acids, etc. The fluid now contains 15-17 per cent 
of sugar, inverted by boiling with the acids and has sp. gr. 13* Be. Solutions 
containing more sugar ferment badly. The mass is now cooled to F. (25* C.), 
one-third is withdrawn and mixed with the yeast, and fermentation allowed to go on 
for some hours, when it is again returned to the main amount of molasses. The 
fermentation takes place quietly in large vats holding 200,000 to 400,000 1. and 
provided with cooling apparatus. The fermentation is usually incomplete, and a 
considerable amount of evil-smelling fusel oils are produced, but are separated from 
the crude spirit during the final distillation. Amine bases, formic acid, and 
aldehyde are present in crude molasses spirit. 

Kraul & Wilkening confine their molasses in closed iron tanks of 400 hi. capacity, and cooled 
by a spr^ of water running over tlie exterior surface. This prevents the volatilisation of alcohol, 
and the CO^ escaping from the vessels is pumped off, purified, and compressed into cylinders. The 
yeast used is bottom-fermentation beer yeasts, and the yield is 25,000 1. of alcohol (loo per cent.) 
and 1, 800 kg. CO«^per vat 

Geo. Stade of B<»lin has effected several improvements in the manufacture of Jamaica rum from 
cane sugar molasses. A sketch of the fermenting room is shown. The rum ferment differs in 
structure from beer yeasts, having a maxinium fermentative power at 30®-35* C. (86®"95* F.), is very 
sensitive to cold, and develops under special conditions into a mycelium. 


22 
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The residues left after the fermentation of the molasses and distillation off of the alcohol are 
extraordinarily rich m potash, and contain mtrogen. The residues are evaporated dry, and used 
as manure, or they are worked up for potash, ammonia, and cyanogen comjpounds (see p. 376). 

The calcmed residues are known as calcinated vinasse (German $ckUtnpekohk\ and contain 
40-70 per cent of potash salts. See under Sugar. 


Alcohol from Wood 

The production of alcohol directly from wood in an economical manner is one of the 
great mdustrial problems of the present time SS-60 per cent, of wood is composed of cellulose, 
(CeHjoOsln — a very complex carbohydrate — which, when treated with concentrated H2SO4, 
first dissolves to “amyloia,” and then, after diluting with water until the solution contains i-2 
per cent, of acid, and heating to 120* C under pressure, is readily transformed into dextrose, 
CeHi20e — a fermentable sugar. In other processes, such as Simonsen’s, the wood is directly 
heated with dilute H8SO4 under a great pressure, when it is transformed mto dextrose. The 
solution IS then neutralist and' fermented. The disadvantage of these latter methods is, how- 
ever, that the dextrose formed is partially destroyed again at uie high temperatures and pressures 
employed, and consequently the yield of alcohol nrom cellulose sinks to 15 per cent , or from wood 
alone (sawdust, contaming 55*6) per cent cellulose) only 5-6 per cent, alcohol. Starch under 
similar conditions gives a tar more abundant yield, 100 kg. staren giving 60 1. of alcohol (48 per 
cent yield) In the manufacture of sulphite cellulose for paper from wood, to every ton of cellulose 
treated, nearly 10 tons of sulphite wash results, containmg over 1 per cent of fermentable si^r 
In Sweden efforts have recently been made to utilise this waste fluid by neutralising with CaTOj, 
fermenting with yeast, and distilling for spirit 1,000 volumes of the wash yields 6 volumes of 
alcohol (100 per cent ), which contains a considerable amount of methyl alcohol, and may be used 
as methylated spints See W P Cohoe, “Hydrolysis of Sawdust,” Soc Chem Jnd t 

1912, 513 

Willstatter and Zcchmcister 1913, 46, 2401-2412) completely convert cellulose mto 

dextrose ^ temperatures by treating it with a strong solution of HCl gas in water (40*41 

per cent HCl) for 24-48 hours, a very notable advance. 

The distillation of the alcoholic liquors, in order to obtain pure alcohol, is treated 
at length in the following article by Mr W H. Stephens. 
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DISTILLATION OF ALCOHOLIC MASHES AND 
MODERN DISTILLING PLANT 

LITERATURE RELATING TO DISTILLATION 


Details of plant and methods used in distillation are given in the numerous works on spirits and 
industrial alcohol mentioned in the section on Spirits and industrial alcohol, p. 278. The 
following works specially deal with distillation and may be recommended : — 

Barbet. — “ La Rectification.” Paris, 1S95. 

SoRKL. — “ La Distillation.” Paris, 1898. 

,, “La Rectification de rAlcool.” Paris, 1894. 

Hausbrand. — “Die Wirkungsweise der Kectificier- und Destillir-Apparatc.” Berlin, 1893. 



The most concentrated alcoholic mashes contain only 10-12 per cent, of alcohol, 
and to separate the alcohol in a concentrated form from the mash recourse must 
be had to distillation. Pure 
absolute alcohol boils at 78.3'’ 

C (760 mm.), whereas water 
boils at loo*" C. 

Simple Distillation. — 

Certain classes of alcoholic 
beverages, e.g.^ whisky, brandy, 
rum, etc., depend for their 
characteristic flavours on the 
retention of a considerable 
amount of volatile by-products 
of the wash. For this kind of 
product the simple stills are 
the best, since they do not 
effect the complete separation 
of the alcohol and the fusel 
oils, the presence of the latter 
being essential for giving a 
characteristic odour to the 
beverage. Such beverages 
contain 25-60 per cent, of 
alcohol 

P'ig, 126 shows a simple 
still for brandy — a is the body 
of the still, c the head, and s 
the condensing worm, which is 
immersed in a lank of water. 

T'he spirit runs out through x 
and is received in a suitable 
receptacle. 

The pot stills of Scotch and Fig. 126.— Simple Still for Brandy. 

Irish whisky manufactories are (Egn^t, Paris.) 

of this type, although larger, 

and usually set in masonry over a naked fire. Sometimes the stills are heated 
hy steam jackets or steam pipes. The neck of the still is long ; the rectifying effect 



296 


INDUSTRIAL CHEMISTRY 


thus obtained is sometimes enhanced by the introduction of rectifying device 
between the still and the condenser. The first distillate is richest in alcoho 
When one-third to one-half of the wash has been distilled over the residue i 
“ spent wash ” free from alcohol. The distillate contains much water, and to rais 
the alcohol content it must be repeatedly distilled. 

The following numbers suffice to give an idea of the results obtained with a simple still of th 
kind : i,cxx> volumes of mash containing 10 per cent, of alcohol were distilled until 400 volumt 
passed over, this 400 volumes was again distilled and so on. The alcohol percentages in th 
resulting distillates is shown below : — 

(1) 1,000 volumes when distilled yielded 400 volumes liquid containing 2? per cent, of alcohoL 

(2) 400 „ „ 200 „ 

(3) 200 ,, „ „ 140 ,, ,, 71 ,, ,, 

(4) 140 „ „ „ 125 „ „ 80 

Four separate distillations, therefore, were required to give a product containing 80 per cent ( 
alcohol and by repealed distillation it is possible to obtain a spirit of 96-97 per cent, alcoho 
Further it is impossible to go ; the remaining 3-4 per cent, of water must be withdrawn I 
dehydrating chemicals, such as lime or potash. 

In making Scotch whisky two distillations are resorted to, the wash bein 
distilled to yield a “low wine, which is again distilled. The final distillation i 
divided into three fractions : (i) foreshots, (2) finished whisky, (3) feints. The for( 
shots and feints comprise the various secondary products together with alcohol an 
added to the low wines for re-distillation. The less volatile portions of these b] 
products finally pass away with the spent wash. 

Irish whisky is generally obtained by a process involving three distillations, i 
which a more complex classification of the products is effected, e.g., strong and wea 
low wines, and strong and weak feints are often separated. 

In both Scotch and Irish stills, soap is often added to the charge in the wash still to prevei 
frothing, and charcoal is added to the low wine still for purifying purposes. 



Fio. 127.— Coffe/s Still. 
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Continuous Distillation. — The simple stills previously described do not 
remove the by-products except after repeated redistillations, and moreover the 
method of operation is discontinuous. Very early in the last century efforts were 
made to construct continuous stills which gave in a single operation a more concen- 
trated spirit, and which removed to a great extent objectionable by-products. A still 



Fig. 127a. — Blair, Campbell, and M‘Lean’s form of Coffey’s Still. 

which has been largely used, and is still largely used, by British and Irish distillers, is 
the apparatus invented by .‘Eneas Coffey in 1831, and shown in Figs. 127 and 127^?. 

'^riu's still comprises two columns, the analyser C and the rectifier D, whie'h are divided into 
chamfers made of wood and braced to<;etlier in an iron frame. The chambers are separated by 
cofiper plates hy each having a large number of small perforatit'ns. Eaeli plate has a safety- 
valve and a drop pipe k standing with its upper end i in. above the plate and dipping into a cup 
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on the plate below These overflows ^ are so arranged that the liquid flows across each plate, 
pursuing a zigzag course through the column 

In operation, steam is passed into the analyser c by a pipe / and passes from the top of the 
analyser to the base of the rectifier D by a pipe nu When the columns are filled with steam, the 
wash IS pumped through a coil of piping T entering the top of the rectifier D and passing through 
each compartment in succession to the bottom (the wash being thus heated, and the surrounding 
vapours cooled) and is discharged on to the top plate of the analyser c The wash, heated almost 
to boiling, now flows down the column c in the face of an ascending stream of steam The small 
holes in the plate h are large enough to allow the passage of steam up through them, but too small 
to allow Uie wash (in the face of the ascendmg current of steam) to pass through The wash, 
therefore, can only pour down from one plate to another through the down-tubes k Consequently 
the downcoming wash meets an ascending current of steam, which, bubbling through each layer of 
liquid on the plates depnves it of its alcoholic contents The alcoholic vapours and steam are 
led away from the top of the analyser c to the base of the rectifier D by means of the pipe m 

Here a partial condensation of the vapours is effected by means of the coil T through which the 
wash IS flowing. The vapours bubble through the reflux liquid thus provided in precisely the same 
manner as in the analyser c. As the vapours pass upwards, they become richer in alcohol ; as the 
liquid flows downward, it becomes weaker in alcohol, though retaining the less volatile constituent, 
namely, the fusel oils 

At a particular part of the rectifier, where the temperature corresponds with the temperature oi 
condensation of strong alcohol, is fitted a stout unperforated copper plate R (known as the “spirit 
plate** or “dumb plate**), pierced by a wide pipe which stands up about 2 in. above the plate 
A two-branched pipe b drains this plate Normally alcohol condenses above this plate and runs 
through one branch A* to the refrigerator F and thence to the “ finished distillate** receiver M 

At the begmning and the end of the distillation (which normally lasts two or three days without 
intermission) weak spirit condenses, and is run through the other branch to the refrigerator and 
thence to the “hot feints** receiver below The liquid (containing alcohol and fusel oils) flowing 
away from the base of the rectifier also passes to the “hot feints *° receiver, and is pump)cd thence 
continuously throughout the distillation to the top of the analyser, and is there re distilled The 
weak spirit vapours escaping by a pipe u, together with the more volatile impurities from the top 
of the rectifier, are condensed and also led to the “hot femts** receiver At the end of each 
period the fusel oils are removed from the “hot feints** receiver 

W. E Bell gives the following analysis of a sample of fusel oils so obtained — 

Amyl alcohol • - • - - 42 2 per cent 

Butyl • • • - . 33 4 

Propyl ,, .... 189 

Ethyl „ 5 5 »» 

Ethyl esters of palmitic and oleic acids are also found in the “ hot feints ** 

Fig 1270 shows a modem form of Coffey’s still, as manufiictured by Blair, Campbell, & 
M*Lean, of Glasgow 

Coffey’s still has been described in great detail, not merely because it is the type 
in most common use in this country, but also because it affords a very valuable 
insight into the principles of continuous working All continuous distilling plants 
comprise a continuous still, such as Coffey’s analyser, and a continuous rectifier 
Both the still and the rectifier are based on the same principle, namely, that by the 
repeated distillation and condensation that occurs in an apparatus in which a liquid 
and a vapour are flowing in opposite directions in intimate contact, the liquid is 
successively depnved of portions of its most volatile ingredients, and at the same time 
the vapour is successively depnved of portions of its least volatile ingredients, these 
being condensed and joming the down-flowing liquid, while the volatilised portions 
of the liquid pass on with the vapour. In the still, then, the wash enters at the 
top and meets a current of steam from below; the spent wash containing all 
the non-volatile ingredients and the major portion of the water passes out at the 
base, while the alcohol and volatile impunties together with water pass away at 
the top. In the rectifier, the vapours from the still enter at the base, while liquid 
provided by “ dephlegmation,” that is to say, condensation, flows downwardly, 
at the base, a liquid, comprising the major portion of the water together with fusel 
oils and small quantities of alcohol, flows away, while at the top the alcohol and 
the more volatile impurities (aldehydes, etc ) collect in the form of vapour and may 
be condensed. 

These pnnciples will be easily recognised as underlying the continuously- 
working distilling plants in use on the Continent 

The type most widely used is that designed by Savalle. Fig. 128 shows a typical 
Continental still of this kind : — 
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A is the distilling column, B the rectifier, c the dephlegmator (or condenser) and preheater for 
the wash, D the alc^ol condenser, g the alcohol outlet, e the spent wash outlet. 

The mash is forced through the pipe s into the dephlegmator c, wherein it is heated ; then it 
passes in a hot condition through the pipe Si into the uppermost chamber of the distilling column 
A. The spent wash flows away through a regulator E. Steam enters by a perforated pipe d and 



vaporises the alc<^ol in the still a. The \^pours enter the rectifier and pass away from the top 
by a pipe d to the dephlegmator c. The portions here condensed return by a pipe ^ to the rectifier. 
The remainder pass on to the spirit condenser by way of a pipe e. 

The rectifying column B is composed of perforated plates of the same construction as Coffey s 
apparatus. The distilling column A is, however, of a different construction, and comprises plates 
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with central op>enings M surmounted by bells or hoods N, the lower edges of which dip below the 
surface of the liquid on the plates, which are provided with the usual overflow pipes o. The up- 
flowing vapours are thus caused to bubble through the liquid around the edges of the bells N 
(Fi^ 128 and 129). 

The dephlegmator shown consists of a tank filled with water. It contains a double -walled, 
annular vessel, through which the vapours pass, and which in its turn surrounds a copper worm 
through which the mash from the fermenting vat is pumped. 

The main point in which this plant differs from Coffey’s apparatus is that the dephlegmator and 
preheater for the wash c is entirely sej^ated from the rectifier, no temperature exchange between 
the vapour undergoing rectification and the wash to be distilled being effected in the rectifier. It 
is the vapour from the top of the rectifier which exchanges heat with the wash, is thereby condensed, 
and returns by a pipe c to provide a reflux liquid in the rectifier. The column B is then a rectifier 
pure and simple. By this arrangement is obtained the advantage that the liquid which leaves the 
base of the rectifier must have been subjected to redistillation on all the stages of the column, whereas 
in the Coffey still some of the outflowing liquid may be derived from condensation in the lower part 
of the rectifier, and in consequence may not be satisfactorily freed from alcohol by redistillation. 

A British still of this type is “Blair’s” patent continuous steam working still, manufactured by 
Blair, Campbell, & M‘Lean, Glasgow (Fig. 130). 

It is obvious that the rectifying and distilling columns may be arranged side by 
side in the same manner as in Coffey^s still. This arrangement has the advantage 
that the fusel oils may to a large extent be isolated and prevented from entering 
the distilling column. In modern plants for making industrial alcohol, it is 
not customary to pass the residue directly from the rectifier into the analyser in the 
manner described in connection with Coffey’s apparatus. 
The oils are usually allowed to separate from this liquor, 
and are decanted off continuously, the liquid from which 
the oils have been removed being returned to the dis- 
tilling column. Plants embodying this operation are 
described on pp. 306-311, under Continuous Rectifying 
Apparatus and Combined Distillation Rectifica- 
tion Stills. 


Rectification. — The various forms of distilling 
plant previously described do not provide alcohol suffi- 
ciently pure for industrial purposes. The raw spirit or 
phlegm contains a quantity of aldehyde and fusel oils. 
The operation of rectification is designed for the removal 
of these substances. In the older type of rectifying 
plant, as introduced by Savalle, for example, the spirit after 
dilution with 40-50 per cent, of water is rectified in a still 
consisting of a large iron boiler a (Fig. 2, p. 6) heated by 
steam, surmounted by a copper rectifying column b, 45 ft. often high, together 
with a dephlegmator c, from which liquid is returned to the rectifier by a pipe ///, 
and a spirit condenser d. The operation is discontinuous, the boiler being filled 
with the diluted spirit and carefully distilled. The operation is then broken and 
the residues removed; then the boiler is refilled, and the distillation repeated. 
The loss amounts to 1.5-2 per cent, of alcohol. 

The raw spirit was thus separated into four products, viz. : (i) First runnings 
or foreshots, which is a mixture of acetaldehyde and ethyl alcohol. It boils at a 
lower temperature than pure ethyl alcohol, and is called ether by the refiner. 
(2) Clean or rectified spirit, which is the intermediate product, and consists 
of almost pure alcohol, 96-97 volumes per cent. (3) Feints, a mixture of various 
alcohols, consisting of some ethyl alcohol and much amyl alcohol, and similar 
alcohols of high boiling points. (4) Fusel oil, which remains in the still together 
with the water. 

Charcoal Filters. — The alcohol as it came from Coffey’s and older stills contained anything 
between 80 and 90 per cent, of alcohol by volume, and always had a certain amount of fusel oil and 
aldehyde in it. These must be removed before the alcohol is fit for adding to good wines, liqueurs, 
etc., or can be used for many chemical purposes. It was therefore the custom to filter it through 
charcoal filters, which greatly improved its quality. Owing to the presence of absorbed oxygen in 
its pores the cliarcoal acts chemically on the higher alcohols, oxidising them to acids (also to 
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aldehydes), which then form esters with the excess of alcohol. Part of these esters are retained by 
the charcoal, but some remain in the spirit ; consequently, although filtration through alcohol 
improves the taste and smell of the alcohol, it does not completely remove all the fusel oil. The 
charcoal, broken into lumps, is placed in a number of iron cylinders (which are sometimes 30 ft. 
high) arranged in series, and the spirit, after diluting to 50 per cent., is allowed to slowly flow 



A, Still Kettle with Steam Coils ; b, Analysing and Rectifying Column ) 
c, V, Rectifying Wash Heaters ; E, Condenser. 


through them (Fig. 131). Tlio last trava s of alcohol are recovered by blowing steam through the 
charcoal, and it is regenerated by lieating to redness in special furnaces. 

Witliin recent years the expensive process of filtering through charcoal has been largely dispensed 
with, tlie distillers relying on carefully conducted rectification for the complete removal of the fusel 
oil aiul acetaldehyde, the former being now a valuable by-product (see pp. 312 and 383)* 
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Before proceeding to a detailed description of more modern types of plant 
(including continuous apparatus for rectifying alcohol) it may be as well to note 
the different forms the various integers of the apparatus already described may take, 
and the additional devices which are essential to the efficiency of the apparatus. 



Distilling and Rectifying Columns.— These are identical in principle, 
but since in the distilling column the distiller may have to deal with thick mashes 
which tend to block the various passages of tb** still, greater variation will be found 

in the forms of apparatus adopted. 
The forms in most common use 
are those in which the vapours 
bubble through the liquid, and 
these again are divisible into (i) 
“Plate” columns; (2) “Full” 
columns. Types in which the 
liquid is brought into contact with 
the vapours in the form of films or 
spray are also known. 

Plate columns are either of 
type described in connection with 
the Coffey still, comprising per- 
forated plates, or of the type de- 
scribed in connection with the 
Savalle still, comprising large 
orifice surmounted by hoods by 
means of which the vapours are 
forced to bubble through the 
liquid (Figs. 128, 129). 

All example of the form which a 
modern buV)bling-hood plate takes is that 
use<l in Egrot’s system, and shown in 
Fig. 132. This comprises a number of 
l>ells k arranged on a plate sloping tf)- 
wards the centre and provided with a 
numl>er of partitions which force the 
liquid entering at a to follow a ]x\th 
b c (i e/sf yihich brings it past each of the 
bells before it reaches the exit 0, In both 
types of plate columns we get, in each 
compartment, a layer of liquid and above 
it a stratum of vapour. 

Guillaume’s ** inclined column” (Fig. 
133) closely resembles the “plate” type, 
and was oevised to meet the pn)l)lem of 
thick mashes. It has, however, proved 
useful as a rectifying apparatus. I'his 
apparatus is made in two parts ; the upper 
part of the casing is provided with de- 

(Umdlin. . Jmnti, B.«tol.) ,,^1 •pst.ndint 

partitions d, alternately stopping short of 
either side of the casing. The liquid thus follows a zigzag course from top to bottom, as indicated 
by the arrows, while the vapours are forced to bubble under each of the partitions 3. 


“ Full” columns arc, however, full of mash, the vapours passing from lx)ttom to top continuously 
in bubble form. Obstructions cannot arise in this type of column, but unfortunately it is much less 
efficient than the “plate” type, and is therefore never used for rectifying purposes. The still 
used by Ilges, and shown in Fig. 134, is a goo<l example of this type. It will be seen that the 
only internal fittings take the form of baflle plates a, which both lengthen and regularise tlic 
upward path of the vapours through the down-flowing liquid. 

Of Film types two are worthy of mention, namely, tho.se devised by Savalle and by Ilges. 
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tile constituents while allowing the 
more volatile constituents to pass on 
to the spirit condenser According 
to this theory the dephlegmator thus 
had a rectifying or fractionating 
action It cannot however be too 
strongly emphasised that the de 
phlegmators in common us con 
structed as the> ire with cooling 
surfaces only ha%e practically n > 
rectifying action 01 to use the words 
of Barbet the condensed liquid has 
practically the same chemical com 
position as the mixture of vapours 
from which it 1$ denied 

In hrance this principle has been 
largely recognised and the evolution 
of distilling rertif>ing plant has 
followed lines entifti) different from 
those based on the older theoiy 
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It is by the introduction of these flanged castings, which provide a long path in which the 
liquid is to some extent removed from the cooling action of the walls and is subjected to the action 
of the hot vapours, that the repeated redistillations which constitute the operation of rectification 
are alone rendered possible. 

The Wagener type of dephlegmator is based on the same principle. Here will be seen cooling and 
condensirig surfaces constituted by corrupted walls d and tubes a, Fig. 135. These have no rectifying 
auction. These surfaces are, however, provided with metal strips i and r, which enable ttic vaporisa- 
tion of the liquid by the hot vapours, and which perform the actual rectification. 
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Apparatus fitted with 
dephlegmators, such as 
those described, yield with 
ease an alcohol of strength 
89-92 per cent, by volume 
in place of the spirit of 
80-87 per cent, strength 
obtained in plant not fitted 
with such apparatus. 

Pasteurisation. — 

This operation is charac- 
teristic of the rectifying 
plant adopted in France. 
It is based on two 
principles : — 

(i) A condenser as 
such has no rectifying 
action ; that part of the 
vapours which is liquefied 
is of almost exactly the 
same composition as the 


fs not liquefied, 

; ' "T 'IP I ■■ 4. particularly when the alco- 
fY^liY holic vapours are of high 

I ‘ f 

I I II JL (2) If any plate of a 

I |L e column is charged with 

■ ■ i [It ' boiling liquid, and a 

UnT , ^ vapour of the same tern* 

III *- 3 * perature is made to bubble 

I d through that liquid, then 

I 1 ‘ of that vapour the portions 

. , I r which are more volatile 

' 4^ ■ ■ * 1 ^ — — than any portion of the 

p^gg without 
\\ being liquefied. The only 

^ change in the composition 
of the liquid and vapour 
Fig. 133. — Guillaume’s ** Inclined ” Column. which can take place is 

such that the vapour yields 
a portion of its less volatile 

constituents to the liquid, and the liquid yields a portion of its more volatile 
constituents to the vapour. Turning to Fig. 136 which shows the top of a rectifying 
column A surmounted by a condenser or dephlegmator e from which the condensed 
liquid is returned to the top plate b of the rectifier, we find that in conformity 
with the first mentioned principle that the liquid thus returned is of the same 
composition as the vapours entering the condenser e, and accordingly contains 
alcohol together with head-products (aldehydes and ethers) but that, in conformity 
with the second-mentioned principle, by the time that liquid has reached the third 
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plate of the rectifier, those head-products have been volatilised, and that accordingly 
pure liquid alcohol may be withdrawn from that plate through a pipe h. This 
operation is that known as “ Pasteurisation,” and the resulting product is “ pasteur- 
ised ” alcohol. The vapours that escape condensation in the dephlegmator e pass 
to a condenser f, are there condensed to yield a liquid containing head-products 
which are subjected to further treatment. 

Regulation. — To obtain absolutely uniform products, it is necessary to 


ensure that the amounts of the various 
distillates and of the residues leaving 
the base of the columns per unit time 
are constant and correspond exactly with 
the amount of free liquid entering the 
apparatus, and further, that the tempera- 
tures and the quantity of liquid in any 
part of the apparatus are also constant. 

For example, the amount of steam admitted 
for heating purposes is controlled by a thermo- 
static device which responds instantly to any 
variation of the temperature in the distilling 
column. 

While it is not intended to describe 
in detail the various devices used to en- 
sure uniformity of working, it may be as 
well to consider the arrangements used 
in conjunction with the pasteurisation 
apparatus previously described with refer- 
ence to Fig. 136. These will afford an 
insight into the scrupulous care that is 
necessary to obtain satisfactory results. 

It will be remembered that the 
vapours pass from the rectifier a through 



Elevation. 



Section. Section. 

Fio. 134, — Ilges Column. 


the condensers e, f in succession. Pasteurised alcohol is extracted by a pipe h, is 
passed through a refrigerator o, and flows away through a; test (or sight) glass p. 
Alcohol containing head-products flows away through a pipe l to a test-glass t. By 
means of cocks m and n the quantities of liquid flowing through the test-glasses are 
regulated to give outflows of pasteurised alcohol and;, alcohol containing head- 
products roughly in the proportion of 95 r 5. Suppose, then, that the condenser e 
does not condense its proper proportion of spirit. An excess over that flowing 
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The statement that the oils pass downwards with the water is, however, subject to a very 
important qualification. DuclauK has shown that the tail- products, though themselves less volatile 
than water, when mixed with water, boil at lower temperatures Thus a 5 per cent, solution of 
butyl or amyl alcohol is more easily evaporated than a 5 per cent solution of ethyl alcohol In 
volatilising the whole of the alcohol in the phlegms, one cannot avoid volatilising the whole of the 
fusel oils The liquid issuing from the base of the column g is, in consequence, water and nothing 
but water. The tail- products remam behind in the rectifying column, ana if allowed to accumulate 
would gradually rise from plate to plate until in a continuous plant, such as that described, they 
would ^ found an the pasteurised alcohol It is found that the tail-products accumulate on 
particular plates, usually the second and third plates below that on which the feed enters. By 
withdrawing from these plates a quantity of liquid (namely about 2 5 per cent ) such that the 
amount of oils thus removed is equal to the amount entering within the phlegms, the accumulation 
of the oils is prevented and the vitiation of the pasteurised alcohol with fusel is pre\ ented. The 
oil-contaming liquid is cooled in a cooler d and passes away through a test-glass T 

The apparatus also comprises steam regulators, and a device for testing the exhaustion of the 
phlegms, comprising a condenser and a 
test-glass, which should yield a liquid 
containing no alcohol The exhausted 
phlegms from the base of the rectifier pass 
to the heat-exchanger R, to heat the 
incoming phlegms. 

Apparatus of this type yield as finished 
alcohol about 91-92 per cent, of the alco- 
holic content of Ae phlegms from which 
it lb df nved 

Combined Distillation 
and Rectification Stills — 

Recently several firms have placed 
stills on the market which produce 
directly from the mash at a single 
operation a perfectly pure spirit at 
96-98 per cent, alcoholic strength 
by volume, entirely free from fusel 
oil and aldehyde These stills de- 
liver continuously in four unbroken 
streams through four different 
orifices four different products, 
viz — 

I. Pure spirit, 96-98 per cent, 
alcohol, comprising 90 per cent of 
the alcohol in the mash, and quite 
free from fusel oil and acetaldehyde 
or foreshots. 

2 Fusel Oil (tail-products), 
principally amyl alcohol, which 
forms an excellent oil for illumina- 
ting purposes and for the manu- Fig. 136.— Diagram Illustrating Pasteurisation 
facture of fruit essences. 

3. Foreshots, or fore-runnings (head-products), consisting of 97 per cent 
acetaldehyde, and containing only 3 per cent of alcohol. It forms an excellent 
mateiial for denaturing purposes. 

4. The alcohol-free spent wash, used as a food for cattle 

The types used in France and Germany differ to a considerable extent A 
plant of each type will be described. 

One of the best of the German stills is that of Robert Ilges^ Germany, 
manufactured by the firm Gebruder Sachsenberg, of Rosslau a/Elbe (Fig 138) 

The apparatus comprises essentially a distilling apparatus, consisting of a still a and a rectifier 
c, surmounted by a dephlegmator /, which together form a plant yielding alcohol vapours of about 
96.5 per cent free from msel oil, but containing head-products. These vapours pass by a pipe 
^ to a column D, where the head-pioducts are completely separated 

The still A IS of the ** full” type devised by Ilges, and described on p 302. It is fed with wash 
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in regulate(Lquantitv by means of a balance G, on which a funnel 2 is arranged to discharge into 
the feed pipe 3 of the still. The spent wash is discharged through a regulator B. A regulator v 
controls the supply of steam to the base d of the still. 

The vapours evolved in the distilling column a, bearing with them all the easily and difficultly 
volatile impurities^ such as aldehyde and fusel oil, pass through the tube a into the first rectifying 
column c, wherein the alcoholic vapours are strengthened to 964 per cent, and the fusel oil 
liquefied and separated. 

The rectifier c is of the film type devised by Ilges, and is packed with porcelain balls over which 
the liquid flows in intimate contact with the vapours. The dephlegmator / consists of horizontal 
cooling tubes with a packing of porcelain Ijalls to produce an accompanying rectification. 

A plate 8 at the base of the column is so constructed as to allow of the upward passage of 
vapours only. The liquid collecting on this plate consists of a dilute solution of alcohol containing 
tail- products, and is led away by a pipe 1 1 into the cooler j, where it is cooled to 30® C. This 

cooling causes the oil to separate completely from the 
water, and the mixture of oil and water runs into the 
oil separator M. The oil is lighter than the water 
and floats on its surface. The light oil, therefore, 
rises in the tube 13, and flows away by a pipe branch- 
ing out at the point 15, while the water, now freed 
“from oil, but containing alcohol, flows through a pipe 
14 into a fusel oil distilling column E, and is distilled 
free from alcohol by a stream of steam entering at d. 
The alcoholic vapours pass by a pipe 7 to the base of 
the rectifier c. 

After the alcoholic vapours have thus been com- 
pletely deprived of their fusel oil in the rectifying 
column c, they enter the second rectifying column or 
purifier D, with a strength of 96.5 per cent, of alcohol 
by volume, but still containing the volatile aldehyde 
and ethers. It is the function of n to separate the 
pure alcohol from the aldehyde. 

The column D is furnished with dephle^mators /, 
qy and tubular heaters r, s, through w'hich steam 
circulates, and may conveniently be regarded as 
divided into three sections. The alcohol vapours of 
.high degree entering the middle section by the pipe b 
are heated by passage through the heater r to a tem- 
perature sufficient to ensure a satisfactory removal of 
head-products from the liquid, alx>ut 70 per cent, of 
the vapours entering at b retrograding from the 
dephlegmator /. The uncondensed vapours from the 
dephlegmator p (about 30 per cent, of the total) enter 
the uppermost section and meet liquid (about 20 per 
cent, of the total) condensed in the dephlegmator q. 
The head - products are thus concentrated in the 
vapours (constituting lo per cent, of the vapours 
entering at b) which survive the dephlegmator q^ and 
are led by a pipe r to a refrigerator u The liquid 
from the base of the middle section enters tlie lower- 
most section, and is partially vaporised by the heater 
r, to provide an up- flowing current of vapour which 
removes the last traces of head -products from the 
down-flowing alcohol. The purified liquid alcohol 
Fig. 137.-Barbct’s Continuous '^y ® « refrigerator K. 

Rectifjing Plant. jn the German still just described, the 

alcohol is first concentrated and is then 
treated for the removal of head-products. In the French still about to be described, 
it should be noted as a salient feature of difference that the removal of head- 
products comes immediately after the distillation of the wash, and before the 
vapours are subjected to rectification. This still was devised by Guillaume and 
is manufactured by Egrot (Paris). The plant is shown diagrammatically in 
Fig. 140, and in its acSial form in Fig. 139. 

The wash is distilled in an inclined column A (Fi^. 139) (not shown in Fig. 140) and the vapours 
enter a heat-exchanger w in the l^ase of the rectifying column c, and are there condensed. The 
resulting phlegms flow through a pipe 3 (Fig. 140) to the purifying column B, where the head-products 
are volatilised and removed. By an ingenious artifice, to be subsMuently described, the tail-products 
are made to behave as head-products, and are also removed. Tne purified phlegms pass through 
a pipe 4 to an accumulator or reservoir v, which is used by the inventor to produce a steadying or 
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It need scarcely be remarked that this article is far from being exhaustive. 
An attempt, however, has been made to describe the most important of the 
principles which have been adopted in the distillation and rectification of alcohol. 



r'Ui, 139. — Guillaume's Cunliniious Distillati»ui ami ReLUliailion Apparatus. 


The plants described accordingly have been those which are most conveniently 
adapted for a discussion of these principles. It is only fair to say that numerous 
stills, other than those mentioned — for example, V. Pampc’s low-pressure apparatus 
— are highly efficient and satisfactory in operation. 
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Fig* 140. — Guillaume’s Continuous Distillation and Rectification 
Apparatus : Diagrammatic View. 

STORAGE OF ALCOHOL 


The alcohol is stored in large iron tanks, provided v^rith inlet and outlet valves, 
and similar in construction to petroleum tanks. It is transported, like petroleumt 
in closed cistern trucks, which are filled and emptied by hose. 
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Utilisation of Spent Wash 

The Spent Wash of corn and potato distilleries resulting after all the alcohol 
has been distilled off, contains a considerable amount of nitrogen and is used as a 
food for dairy cattle, beeves, and pigs. The spent wash from potato distilleries is 
usually made more nutntious by the addition of maize. In C^rmany the produc- 
tion of these cattle foods has already reached a very high stage of perfection, 
owing to the numerous ** farmer distilleries” which thrive in country districts, such 
distilleries maintaining their own cattle. These spent washes must be fed warm to 
the cattle, fresh from the distillation, otherwise they rapidly sour and go bad. 
Fresh spent wash contains: 1.5-2 per cent protein, 0.2-1 per cent, fats, 3-5 per 
cent, carbohydrate, and 90-94 per cent water. 

In large mdustnal distillenes in towns, where it is impossible to feed the wash 
to cattle in a fresh condition, the fluid is evaporated and sold as “ dry wash ” It 
then contains about 23 per cent of protein, 35 per cent, of non-nitrogenous 
extractive substances, 1 1 per cent, fibres, and 6 per cent of fat. This dry wash 
is transportable, but not so digestive as the fresh wash 

It has been proposed to place the purified spent yeast on the market as human 
food (see p. 275). 


Alcoholometry— Testing the Spirit 

Rectified Spint of Wme, the most concentrated alcohol ptoducible by ordinary distillation, 
contains 84 per cent alcohol, sp gr o 838 

Proof Spirit contains 49 24 per cent alcohol, and has sp gr o 91984 at 60760® F Spirits 
weaker than this are said by the English Excise to be so many degrees (^ <? , so much per cent ) 
“under proof” (U P ) Thus a spirit of 20® “under proof” means a liquid containing at 6o* F 
some 20 volumes of water and 80 volumes of proof spirit. A spirit of 50* U P. contains 50 volumes 
water and 50 volumes “proof spirit ” Pure water is 100® U P 

“Over Proof” (O P) Spirits are stronger than “proof spirit,” and are defined by the numbei 
of volumes of proof spint 100 volumes could yield when diluted with water Thus 100 volunfes of a 
spint “50® O.P.” on dilution with water would yield 150 volumes of “proof spirit” Absolute 
alcohol is 75 25® O.P and hence 100 volumes when diluted with water can give 175 25 volumes of 
proof spirit In the United States “proof spint” has a sp. gr o 9341 at 6o®/6o® F and contains 
42 7 p^ cent by weight of absolute alcohol 

The amount of alcohol in spirit is determined by taking its speafic gravity with a hydrometer — 
here called an “alcoholometer ” Pure alcohol at 15 5® C (60® F ) has a specific gravity of o 7946. 
The more water in the liquid, the more nearly the specific gravity approaches unity. The concentra- 
tion of the alcohol is expressed by volume and by weight Volume and weight percentages do not 
correspond, because in mixmg water and alcohol a contraction ensues (50 volumes alcohol -(-50 
volumes water yield only 96 4 volumes of diluted alcohol ) 

The Volume Percentage, after Tralles and Brix, gives the number of cubic centimetres absolute 
alcohol contained m 100 c c. of the fluid at 15 5® C. (to® F ) 

The Weight Percentage (adopted officially since 1888 in Germany) gives the number of grams 
of absolute alcohol contained in 100 g. of the spint at 15® C 

The “apparent” alcohol percentage, as read off on the graduations on the hydrometer immersed 
in the spint at any given temperature, is reduced to the “True” alcohol percentage at the standaid 
temperature, 15® C. m Germany, and 60® F. m England, by means of special tables. 

The spint is sold on the baas of the amount of absolute alcohol (100 per cent.) it contains. The 
percentage of alcohol by volume and weight contained m watery solutions of vanous specific gravities 
u expressed by the following table : — 
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SPBCiric Gbavity of Percentage Mixtures op Alcohol and Water by 
Volume and by Weight at 6o* F. (15I* C) 


Per 

Cent. 

Akobol. 

Per Cent, 
by Volume 

Per Cent 
hjfW tight,! 

Per 

Cent 

Alcohol 

Percent 
by Voluoic. 

Per Cent 
by Weight 

Per 

Cent 

Per Cent 
by Volume. 

Per Cent 
by Weight 

CorreqKXidlng 
Specific Gravi^ 

Coi responding 
Specific Gravity 

Alcohol 

Corresponding 

Specific Gravity. 

B 

0-9985 

09981 

B 

0959* 

0.9490 

69 

08925 

08748 


9970 

•9963 


•9579 

.947* 

70 

.8900 

87*4 

Bfl 

•9956 

•9944 

Kh 

•9565 

•9453 

7* 

||75 

.8700 

\mM 

.9942 

.9928 

HS 

•9550 

•9433 

72 


.8676 


.9928 

,9912 

39 

•9535 

•94*3 

73 

.8825 

•865* 

^^9 

•9915 


40 

95x9 

•9394 

74 

•8799 

.8fa9 


.9902 

.9880 

4* 

.9503 

•9374 

75 

■8773 

•8605 

8 

•P90 

.9866 

42 

.9487 

•9353 

76 

■8747 

.8581 

■Efl 

•9878 

•98s* 

43 

.9470 

9332 


8720 

-8557 


.9866 

•9839 

44 

•9452 

93** 

78 

8^1 

•8533 

■fl 

•9854 

.9826 

45 

•9435 

9291 


.86^ 



•9843 

•9813 

46 

•94*7 

.9269 

80 

.8639 

8484 

■ fl 

.983a 

.98^ 

47 

•9399 

.9248 

81 

.8611 

.8459 

mm 

9821 

9788 

48 

•9381 

9**7 

82 

.8583 

.8435 

K9 

.9811 

9775 

49 

.9362 

.9204 

83 

^555 

•!429 

16 

.9800 

9763 

50 

9343 

•9183 

84 

.8526 

.8385 

17 

•9790 

•975* 

5* 

•9323 

.9ifio 

85 

.8496 

•8359 

18 

.9780 

•9739 

52 

•9303 

•9138 

8fi 

.84fi6 

•8333 

19 

.9770 

9727 

53 

•9*83 

.9iifi 

87 

.8436 

•8307 

20 

.9760 

9714 

54 

9263 

•9094 

88 

.8405 

8282 

21 

♦9750 

9702 

55 

.9242 

.9072 

89 

•8373 

.8256 

22 

9740 

9690 

56 

.9221 

•9049 1 

90 

•8339 

.8229 

23 

.9729 

.9677 


.9200 

.9027 i 

9* 

.8306 

.8203 

24 

•9719 

.9664 

5S 

.9*78 

.9004 

92 

.827a 

.8176 


.9709 

9651 

59 

9156 

8981 

93 

•8237 

.8149 

26 

9698 

9637 

60 

•9*34 

8958 

94 

8201 

.8122 

27 

9688 

9622 

fix 

.9112 

•8935 


.8164 

•8094 

28 

.9677 

9607 

fi2 

.9090 

8911 


.8125 

•806s 

29 

.9666 

•959* 

63 

90fi7 

8888 

97 

8084 

.8036 

30 

9655 

9577 

64 

.9044 

88fi5 

98 

.8041 

8006 

3* 

•9643 

•9560 

65 

9021 

.8842 

99 

7995 

•7976 

32 

9631 

9544 

fifi 

•8997 

8818 

100 

•7946 

•7946 

33 

^18 

95*6 

67 

8973 

8795 


34 

•9605 

•9508 

fi8 

.8949 

8772 





The ,spint is also usually subjected to the following tests (for fuller details, see Allen’s 
“Commercial Anal^s,” ia)0, vol. i.) : — 

I Amoimt of r usd Oil (Higher alcohols) — In England and America this is usually estimated 
by the AlUn-Marauari method, which consists m boiling the sample with KOH, steam distilling, 
addmg saturated bnne to distillate to separate fusel oil, and extracting with CCI4, oxidising wi3i 

K^t0y'hHsS04, titrating with ^ Ba(OH)2, using methyl orange as indicator at first, and then 

N 

phenolphthalem. Each c.c. of ~ alkali required m the second stage of the titration (using phenol- 

phthalein) corresponds to 0.0088 g. amyl alcohol. The official German method (Rose-Henfeld) 
18 to shake the spirit with chloroform under rigorously defined conditions. The mcrease of volume 
gives the amount of fusel oil 

JUddgfde Det€rtni]Uitioii.<— This is estimated colorimetncally by means of Schiffs rea^nt 
j. The rurfurol is estimated by comparing the tint produced m the liquid by the addiuon of 
aniline acetate widi that produced m a standard solution of furfurol m pure 50 per cent alcohoL 
A first-class pnma spirit should contain 94 per cent, alcohol by weight (96 by volume), possess a 
neutral taste and smell, be of a white colour, be auite neutral, contain no aldehyde or lurlurol ; 
should remain clear and colourless when mixed witn water ; with KMn04 solution should remain 
red after thirty minutest: boiled widi H^04 (Savalle’s test) should give no colour; treated with 
m the cold (Vitaliis test) should give no colour. 

Awiowledfraiimt — ^The authors Imve much pleasure in thanking the firm of John Dewar 4 
Sons Ltd., distillers, of Perth, for much help and scientific information regarding alcoh<^ mana* 
focmre, which, in thmr hands, has already reached a very high state of perfection. 
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Fusel Oils and the Manufacture of Amyl and Butyl Alcohol 

Whisky, brandies, and similar alcoholic fluids sometimes contain as much as 
0.6 per cent, of fusel oils, which contain esters, and are of value in giving a 
characteristic odour to the liquid Potato spirit fusel oils have an unpleasant 
taste and smell 

It is the quahfyy not so much as the quanitty^ of the fusel oil present in a spirit 
which affects its taste, and decides whether it must be refined or not Many 
valuers rely on taste alone for the determination of this important point 

Fusel oil was until recently an almost valueless by-product of the spint industry, 
but is now a very valuable substance. 

Manufacture — The manufacture by the distillation of wine and especially spirits has been 
descnbed above (pp 251, 298, 300, 307, 308, 309) By the processes above described it was 
necessary to manufacture 1,000 parts of ethyl alcohol for every one of fusel oil produced P^of* 
Fembach of the Pasteur Institute has worked out a process whereby starch is directly fermented 
to fusel oil and acetone Mashes are made of cereal grains (g g , mau;e) or potatoes, and inoculated 
with special cultures, whereby over 42 per cent of the starch employed is converted into mixed higher 
alcohols (fusel oils) and, Fernbach states, of these about 65 per cent is butyl alcohol O Henner 
found that 100 parts of the dried substance of potatoes yielded 43 parts of higher alcohols plus 
acetone, the latter constituting above one-third It is asserted that these fusel oJIs can be placed on 
the market at a price not exceeding j^ 3 S -;^45 (see W. H. Perkm, jun ^ Joum Soc Chem 

Ind ^ 1912, p. 622 , also English Patents, 15,203, 1911 ; 15,204, 1911 , 21,073 1912) 

Compoaitiim of Fusel Oils —The composition of Wine Fusel Oils is given on p 251 
They consist, roughly, of 51 per cent normal butyl alcohol, 20 per cent, amyl alcohol, 10 per cent. 
normal pro^l akohol, 8 per cent ethyl acetate, 8 per cent cuetal, and small amounts of esters of 
fatty acids, acetaldehyde, hefty I alcohol, amine bases, etc 

The composition of Spint Fusel Oils vanes considerably with the method of manufacture, but 
consists mainly of amyl alcohol W E Bell gives the following analysis of a sample of the fusel 
oils removed from the ** hot feints ” receiver of a Coffey Still (p 298) — 

Amyl alcohol (B P 132*0.), 42 2 per cent. ; isobutyl alcohol (B P 109* C ), 33 4 per cent , 
normal propyl alcohol (B P 97* C ), 18 9 per cent ; ethyl alcohol, 5 5 per cent Ethyl esters of 
palmitic and oleic acid were also present 

A sample of Commercial Fusel Oil contained Amyl alcohol (B P 132* C ), 68 per cent ; 
isobutyl alcohol (B P 109* C ), 24 per cent ; normal propyl alcohol (B P 97*), 7 per cent ; small 
quantities of esters, furfural, etc 

When commercial fusel oil is fractionated the portions boiling at 128*- 13 1* C consut of the 
Amyl Alcohols, contaming 87 per cent isoax^l alcohol, (CHg)2CH CHg CHgOII, and 13 per 
cent, active amyl alcohol, CI^ CHgCHfCHg) CHg OH 

The fusel oil produced by Fembach’s Fermentation Process contains about 65 per cent of 
butyl alcohol 

Uses of Fusel Oils and Higher Alcohols — Fusel oil was, until recently, used as an 
illuminatm^ oil, but is now far too expensive for this purpose It is very largely used for manufactur- 
ing the individual higher alcohols (by fractional distillation) and their esters, thus giving rise to the 
industry of Fnut Essences (see p 382) for flavounng liquors, jellies, sweets, etc Very large 
quantities of amyl acetate are used as a solvent for pyroxyline (nitrocellulose) for the purpose of 
making nitrocellulose varnishes, lacquers, and for artificial leathers having a nitrocellulose composi- 
tion (see pp. 49, 383, 589) It was formerly employed as a solvent m the explosive and paint 
industry, but its high price has caused an abandonment of it in favour of cheaper solvents Amyl 
alcohol IS used in the {flotation process of separating sulphide ores, its usefulness depending upon the 
low surface tension of its aqueous solution Fusel oil and its constituent alcohols have been 
employed for the precipitation of asphalt from heavy mineral oils Recently the Synthetic 
Products Company of London have proposed to place it on the market by Fembach's 
Fermentation Process, and to utilise the product for the manuiacture of synthetic rubber by methods 
worked out by Perkins, Matthews, and others (see W. H. Perkins, foum Soc Chem, Ind , 1912, 
pp. 620-623). Butyl alcohol is stated to be an excellent ** Burn ” cure 

Statistics.— *In Germany m 1900-1901 the oil sold at 50 M for 100 kilos, or lbs. a shilling. 
By 1910 Its price had nsen to 170 M per 100 kilos. In 1912 it was quoted at £140 a ton The 
world’s supply in 1912 was variously estimated at 3,500 to 6,000 tons annually, and until recently it 
was necessary to manufacture 1,000 parts of alcohol for every one of fiisel oil By FembachU 
Fermentation Process it is stated that it can be produced in unlimited amount at ;^35-;^40 a ton. 
The Untied States in 19x0 imported 4,954,000 lbs. (value, 1598,000) of fusel oil, Russia supplying 
one-third of the quantity. No less than 450,000 gals, of amyl acetate are annually consumed m 
the United States for solvent purposes (nitrocellulose varnishes). 
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VI.— VINEGAR, LACTIC ACID, BUTYRIC ACID 

By G. Martin, Ph.D,, D.Sc. 

VINEGAR 

LITERATURE 

C. Ainsworth Mitchell. — ‘*The Vinegar Industry.” Knowledge^ June 1911, p. 219. 

W. T. Brannt. — “ Manufacture of Vinegar and Acetates.” London, 1901. 
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Rothenbach. — “ Organismen des Garungsessigs.” 1907. 

For Acetic Add see under Destructive Distillation of Wood. For Acetic Acid 
Bacteria see under Bacteria, p. 224. 

Vinegar consists of a weak solution (4-10 per cent.) of acetic acid in aqueous 
liquors prepared by the oxidation of alcoholic liquors by means of acetic acid 
bacteria, Bacterium aceti^ many varieties of which exist, the best races being 
propagated by pure culture methods (see p. 231) and used for impregnating the 
alcoholic liquors to be fermented. 

The Bacterium aceti will not grow in a pure aqueous solution of alcohol ; they 
require, besides alcohol, the presence of nitrogenous matter and salts to serve as 
food. Consequently the starting-point in the manufacture of vinegar consists of 
an alcoholic liquor such as wine, beer, and alcoholic mashes generally. 

The bulk of English made vinegar is manufactured from malt, or a mixture of 
malt with grain and sugar. The malt or malt and grain is crushed, and heated in a 
mash-tun with water at a gradually increasing temperature until the starch is con- 
verted into sugar by the diastase in the malt, as described under Brewing, the 
resulting liquid being known as wort. 

Often the wort is obtained by the conversion process. The grain, usually 
rice or maize and free from malt, is treated with dilute H2SO4 in a closed vessel 
termed a converter. The acid hydrolyses the starch to produce a saccharine 
solution which is then freed from acid by calcium carbonate, and the liquor 
separated from the precipitated calcium sulphate. 

The wort is now pitched with yeast and is aerated and kept at the right 
temperature so as to convert as much as possible of the sugar into alcohol. The 
subsequent strength of the vinegar depends largely upon the success of this stage, 
because all saccharine matter (also dextrines) escaping the action of the yeast also 




B. Nastorianum. x x,ooa B. Aceti. x i,Ooa 


Fig. X41.— Acetic Acid Bacteria (Hansen). 
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remain unattacked by the acetic bacteria. The resulting liquor, called gyle, and 
containing 6-7 per cent, of alcohol, is treated with the acetic acid bacteria, the 
alcohol being oxidised to acetic acid, thus : — 

CgHfiO + 02 = C0H4O2 + H2O. 

Alcohol. Acetic acid. 


Many other compounds are simultaneously formed, especially aldehyde, which 
is produced as an intermediate stage in the oxidation : — 

C 2 H «0 -f O = C2H4O + H2O. 

Alcohol. Oxygen. Aldehyde. 

The acetifiers employed consist of a large wooden vat provided with a perforated 
false bottom and numerous holes in the sides for the admission of air. The 
interior of the vat is filled with basket-work (formerly beech shavings), and a 
rotating sparger is used for sprinkling the gyle uniformly over the material. 

Fig. 142 shows a section of the upper portion of an acetifier. The gyle, 
impregnated with acetic acid bacteria, is pumped from the bottom of the vat and 
discharged into the funnel at the top, which is boxed in to prevent loss by 

evaporation. The liquid flows 
down the tube g, enters the 
sparger r, which revolves on the 
pivot s. In the arms of the 
sparger are a number of small 
holes through which the liquid 
rushes, thus causing the sparger 
to revolve steadily and uniformly 
sprinkle the surface of the 
basket-work. The acetic bac- 
teria multiply on the surfaces 
of the basket-work, generating 
heat and rapidly oxidising the 
alcohol as it passes over them. 
A thermometer inserted through 
a hole in the side of the acetifier 
ndicates the temperature within. 



Fig. 142. — Section of the Upper Part of 
Modern Acetifier. 

(After C. A. Mitchell. .See Kno^vledge^ June 1911.) 


According to Mitchell (see above) 
the species of acetic bacteria most used 
in England are most active at 105® F. 
(40.6® C.) and flourish well at no* F. 
(43.3® C.). The bacteria used on the 
Continent are seldom worked above 


For successful working the conditions are: (i) a regular and uniform supply of air to the 
bacteria ; (2) maintenance of the correct temperature in the acetifier. In the presence of too 
much air the bacteria oxidise part of the acetic acid to CO2, and the resulting vinegar is we.ak. 
On the other hand if too little air is supplied the bacteria unite together into a slimy mass (motber- 
of-vinegar) by the swelling and fusion together of their outside cellular membranes, tlius converting 
themselves into a “zooglceal form’’ and clogging up the acetifier with slimy masses which still 
further impede the entrance of air and stop uniform aeration. 


The finished vinegar flowing out at the bottom of the apparatus usually contains 
a very small percentage of alcohol, because unless some alcohol is present the 
bacteria attack the acetic acid, oxidising it further, thus occasioning a loss. The 
vinegar leaving the acetifiers is stored for some time in order to form the pleasant 
smelling esters to which vinegar owes its aroma. It is then clarified by filtration 
through fine sand or similar substance. As it leaves the filters the vnegar contains 
6 per cent, acetic acid and upwards. It is diluted to the proper strength and sent 
out to the trade. 


A “24” vinegar contains 5.5 per cent, of acetic acid, and upwards. Weaker vinegars are 
known as “22,” “20,” “ 18,” and “ 16,” the latter of tlieso containing 4.1 per cent, of acid, d'iie 
numbers originally referred to the number of grains of sodium carbonate lecpiired to neutralise the 
acid in one fluid ounce of the vinegar. 
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A very cheap vinegar containing 3*5 per cent of vinegar is sometimes sold under the name 
“ Diamond.’* Usually, however, vmegars contain more than 4 per cent, of acetic acid. The yield 
of acetic acid is usually about 70-80 per cent* of theory, the loss of acidity due to evaporation of 
the alcohol and destruction of acetic acid (due to irregular aeration) rangmg from lo-ao per cent, 
and sometimes, in faulty apparatus, even to 30 per cent 

Cheap vinegars are sometimes faked ” by diluting distilled acetic acid (obtained 
from wood) with water to the proper degree, and colounng it with caramel or 
burnt sugar. Some vinegars are aromatised with fennel, caraway, and similar 
substances, others are coloured red, and some are even adulterated with dilute 
H^SO,. 

Wine Vineg^ar is not manufactured in England on account of the absence 
of wine. On the Continent, however, it is an important industry. The wine 
(usually a sour kind of poor quality) is treated with acetic acid bacteria, and in 
the quick process is allowed to flow through vats containing tieech shavings or 
basket-work as above described. The best wine vinegars, however, are made 
by the Orleans Process. Oaken vats, of 2-4 hi capacity, and provided with 
air-holes in their upper parts, are placed in chambers kept at 2o*-25* C., and 
one-fifth filled with a hot strong wine vinegar ; this partially soaks into the wood 
and deprives it of its woody taste. Next 10 1 . of wine are added, and the liquid 
allowed to stand, usually after impregnating it with a small amount of a pure culture 
of acetic acid bacteria. The bactena develop rapidly, covering the liquid with a 
film of slimy **mother-of-vinegar.” The alcohol is oxidised to acetic acid, which 
sinks to the lower part of the liquid, the light alcohol accumulating gradually at the 
surface. After about a week another 10 1 of wine are added, and the process 
repeated until the vat is half full. Then a third of the finished vinegar is withdrawn, 
and the addition of wme continued as before. Wine vinegar is much valued for 
Its pleasant bouquet 

Vinegar is used for flavouring meat, etc., and also for making white lead 
(which see) 

Statistics. — The Enghsh imports of Vmegar and Acetic Add for table use* 1906, 
258,089 gals ; 1908, 459*502 gals. ; 1910, 212,60 gals. ; value m 1910=^13,400 The export 
was 1906, 569,182 gals ; 1908, 768,742 gals ; 1910, 8^,017 gals. ; value in I9i0=;£‘i05,&x>. 
The USA. m 1910 imported 310,000 gals (value $79,000), and exported 115,000 gals, (value 
$13,000) 

Acknowledgment — I have to thank Mr Ainsworth Mitchell, B.A , F I C , for calling my 
attention to errors m the current descnptions of the vin^[ar process, published m the older text- 
books. My best thanks are due to the editor of Knowledge for fending blocks. 

LACTIC ACID, CHj.CH(OH).COOH 
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Ethylidene lactic acid is now prepared on a large scale in America, Great 
Britain, and Europe. It is a rapidly growing industry — a result due to the recent 
introduction of pure cultures of the lactic acid bacillus into the indus^. In 
England the industry has b^n in existence for nearly thirty years, being originated 
by Mr Avery by processes patented between ^[881-1884. 
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In Germany up to 1895 no factory existed for the supply of lactic acid, all the 
lactic acid being imported from England. At the present time thirty factories have 
since come into existence, the largest being the Firm C. H. Bohringer u Sohn m 
N. Ingelheim. This latter firm alone produces 500,000 kg. of' technical lactic acid. 
In the United States the industry is an old and well-established one ; thus so long 
ago as 1895 United States consumed 1,000,000 lbs and exported 500,000 lbs 
In 1896 the domestic consumption was 1,200,000, and the foreign 1,000,000 lbs 
The manufacture is carried out by allowing the micro-organism known as 
Bacillus actdi lactici (of which there -exist many races) to split up by fermentation 
a solution containing grape sugar, when the following change takes place — 


CO 

((inoH), 


CIIjOH 

t molecule dextrose. 


CH, 

2CHOH 


COOH 

a molecules lactic add. 


Avenr’s Process 

Preparation of the Saccharine Solution.-— The solutioft should have a 
sp gr of I 05-1 075, and contain 7^11 per cent, of glucose. It is advantageous 
to replace 10-15 of ^he glucose by cane sugar, which is progressively 

inverted by the lactic acid, and this continually furnishes fresh matter for the 
bacillus. The solution should contain nitrogenous food (not under 2 parts nitrogen 
to 100 parts sugar in vat) for the bacillus An extract of vegetable albumen, made 
by extracting bran with boiling water and dilute acid, is very suitable , or mineral 
nitrates and ammonium salts may be used 

Process of Impregnation —The saccharine solution made up as described 
above is boiled for one hour to sterilise it, rapidly cooled between 55* C and 
45* C , run into the fermentation vat, and impregnated with the Bacillus actdi lactici 
In continuous manufacture the impregnation is carried out by running in 20 per 
cent or more of a preceding fermenting liquor, in which a lively fermentation is 
in progress But for the original impregnation a good culture of the lactic bacteria 
must be obtained by allowing milk to stand at 45® C until slightly sour A pure 
culture is usually obtained by impregnating previously sterilised milk, kept at 45^ C , 
with a good lactic acid bacteria obtained from the bacteria in a ferment tank. The 
best variety of Bacillus actdi lactici is 2-2 5 fj. long, and i /x in diameter 

Process of Fermentation. — During the process of fermentation the tem- 
perature of the saccharine liquid is kept between 45* and 55* C in order to avoid 
the development in the liquid of butyric acid or alcoholic ferments. Since the 
Baallus acidt lactici cannot flourish in solutions containing more than r per cent, 
of lactic acid, the acid as it is produced is continually removed by the addition of 
chalk dust suspended in water, in such proportion as to keep the lactic acid within 
the limits o 02-0 5 per cent If the neutralisation is carried too far, so as to lower 
the percentage of lactic acid below these limits, butyric acid fermentation may set 
in and spoil the yield. The fermentation should proceed vigorously and be com- 
pleted in three to six days when 98 per cent of sugar is used up The liquor, which 
is a solution of calcium lactate, is then heated sharply to kill all bacteria and spores, 
filtered from the dead bodies of the bacteria, and evaporated. Pure lactic acid 
may be obtained by repeated crystallisation of the calcium lactate , but a commercial 
lactic acid is obtained merely by decomposition of the uncrystallised solution by 
sulphuric acid. The free acid is filtered from the CaSO^ (which is practically 
insoluble in the dilute lactic acid) and evaporated to a 50 per cent solution, when 
It forms a brownish syrupy liquid, of sp. gr. 1.20, containing about 7 per cent, lactic 
anhydride. 
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German ’Methods of Manufacture.— The solution of grape sugar is 
always made from a mash of starchy material (maize, potatoes, nee, etc ) by 
treating with malt in order to convert the starch into maltose, just as in the 
manufacture of spirits The lactic acid bacillus employed in the largest German 
factories is the Bacillus aetdt lactici^ Huppe, forming short thin rods (6 /x and 
more long), linked together in chains, it is sporeless A pure culture of this 
bacillus IS obtained by the ordinary methods of bacteriology from sour milk or 
cheese, using as growing medium a solution of 100 parts grape sugar, i part dried 
peptone, o 2 part potassium hydrogen phosphate, i part sal-ammoniac, 50 parts of 
powdered chalk, and 600 parts of water 

The fermentation is carried out, much as in Avery^s process, at a temperature 
of 45“ , but the time of fermentation is usually ten to twelve days. At the end of 
this time the absence of sugar is proved by Fehling’s solution, the mass is then 
made weakly alkaline with lime water, boiled, filtered, and evaporated to 15* , 

when the calcium lactate crystallises out and is filter-pressed away from the dark 
mother-liquors, which, united with the washings, are again evaporated to 15* B 6 
and allowed to crystallise, the black mother-liquors running to waste. 

The calcium lactate is purified by crystallising and decomposed by H2SO4, 
filter-pressed from the precipitated CaS04, and the solution of the acid concentrated 
by evaporation If a clear lactic acid solution is required, the warm solution of 
lactic acid from the gypsum filter presses is pumped into tall wooden or leaden 
cylinders filled with animal charcoal, left there for some hours, drawn off at the 
bottom, filtered through felt cloth, and evaporated to 50 per cent acid 

Chemically pure lactic acid is obtained by decomposing calcium lactate with 
zme carbonate, whereby the sparingly soluble and easily crystallisable zinc lactate is 
obtained The pure zinc lactate is then decomposed by HgS, filtered from the 
ZnS — a difficult operation rendered easier by adding animal charcoal, paper pulp, 
etc — and evaporated in an enamelled vacuum apparatus, when clear, pure lactic 
acid is obtained 

It IS also obtained pure by distilling syrupy (26’ B 6 ) commercial lactic acid 
with superheated steam at 140®-! 60"* C from a calcium chloride bath At 140® C. 
acetic acid, butyric acid, etc , distils, then comes pure lactic acid or anhydride 
The concentrated distillate is decolourised by sunlight, animal charcoal, etc 20-30 
per cent of the lactic acid is lost owing to the formation of lactic anhydride 

Another method is to shake the lactic acid for twenty-four hours with three 
times Its volume of ether in a glass balloon The impurities settle on the walls of 
the vessel The clear ethereal solution is then forced by means of compressed air 
into another glass balloon, is there decolourised with animal charcoal, filtered through 
paper or cotton cloth, the ether distilled over and used again, and traces of the 
ether in the acid removed by blowing in warm air 

A proposed method ((German Patent, 171,835) of purification is to convert 
the lactic acid into its ethyl ester (by boiling with ethyl alcohol and a little normal 
acid) and distilling tn vacuo The pure ester thus obtained is then decomposed by 
blowing through steam, the alcohol distilling over and the lactic acid remaining, 
being concentrated by evaporation 

The pure acid costs five to six times as much as the commercial variety 

Properties — Pure anhydrous lactic acid, obtained by repeated rectification tn 
vacuOy IS a crystalline mass — M P. 18® C. ; B P. 1 19®-! 20® 

Commercial pure 75 per cent lactic acid is a syrupy, clear fluid, containing 
8 per cent lactic anhydride 

Salts. — ^The calcium and zinc salts occur in commerce, forming a convenient means for transport 
of lactic acid. The iron salt is used medicinally Antimony lactate is used to an increasing extent 
as a substitute for tartar emetic in dyeing and printing calico Certain double salts of antimony 
lactate with alkalies, sdkahne earths, and zinc salts are largely manufactured for the purpose under 
such names as Lactolin, Antimonin. For preparation see German Patents, 9^,939» 

148,069 

The Titaaium salts (German Patents, 136,009, 149»577) are used m dyemg leather 
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Uiet.— See above) under SlUts. Lactic acid) since its increased prodnebon and consequent 
in pnee, is nsed to a very large extent in dy^g wool as an assistant m mordanting with jMitassiain 
bichromate. It is also largely used in tanning for removing the hme from the sl 3 n (J T. Wood, 
fmim, Chun, Jnd,^ 1885, 27 et seq. ; F. Andreasch, Der Gerber^ 21, 506; 22, 512). It is used 
to a limited extent in spirit manufacture for sounng the yeast m order to prevent the development of 
injurious fermentation. 

StAti8tlca."-£nrrof4M Imports: 1909, 30 d*,*; 1908, 20 dz. Exports, 1909, 10,470 da. j 
1908, 9,720 da. 

The English exports are veiy considerable, but owing to the haphaiard way the materials 
exported are classified no information is obtainable from the Custom House returns. 

BUTYRIC ACID 

Normal butyric acid, CHj,(CH 2 )yC 00 H, i$ usually obtained in a similar manner 
to lactic acid (above described) by fermentation of sugar or starch in the presence 
of calcium carbonate. Formerly the fermentation was effected by adding to the 
solution small amounts of decaying cheese, and keeping the solution at 2S*-3S^ C. 
Now, however, the liquor is usually impregnated with pure cultures of butyric acid 
bacteria According to Fitz (“Ber., * XX, 49, 53) cultures of Baallus subtilis and 
Bacillus boocapneus are especially efficient. The calcium butyrate resulting from 
the fermentation is transformed into the sodium salts by treating with Na2C08, 
and the butyric acid liberated by H2SO4. The butyric aad is separated by fractional 
distillation from acetic or capnonic acids, which are usually found present in small 
amount By converting the acid into the ethyl ester, fractionating this, and again 
r^enerating the acid by hydrolysis, the chemically pure acid may be obtained. 
Oily liquid, with an unpleasant, rancid smell— B.P. 162* C. ; M.P. - 7.9* C. ; 
•p, gr 0,978. 


* I dz. s 100 kg. ssabout 2V ton. 


SECTION VI 


The Charcoal and Wood- Distilling Industries 

INCLUDING THE 

Manufacture of Methyl Alcohol, Acetone, and Acetic Acid 
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Fig. 143 —Charcoal Kiln, with Depression 
on Floor for Collecting Wood Tar, 


The preparation of wood charcoal by burning wood in a 
supply of air insufficient for complete combustion is a very 

old industry which is 
still carried out to some 
extent in countries rich 
in wood — such as in the 
Harz, Sieiermark, 
Sweden, Finland, 
Russia (Ural), etc., and 
the charcoal so obtained 
is much valued as a fuel, 
since it is free from sul- 
phur and leaves little 
ash when burned. The 
charcoal is also used for 
making gunpowder, for 
purifying spirits, for 
packing in refrigerators, 
and for other purposes as 
well. 

The operation is carried out 
in “Meders” or “Kilns”; 
the wood is piled symmetrically 
round a central narrow shaft, 
and the wood is covered with 
a layer of charcoal, earth, and 
twigs. The wood is lighted in 
the middle at the bottom. A part 
* of the wood burns, and the neat 

thus produced reduces the rest to charcoal. The charring proceeds from the 
centre outwards, and the volume of the wood diminishes. Holes are finally 
made in the external covering in order to conduct the combustion in any 
required direction so that all the wood may be completely charred. The 



Fig. X44, — Charcoal Kiln, 
Ordinary Type. 



Fig. 145. — Meyeris Large Kiln for Wood Charring, showing Appliances for Sucking off and Condensing the Vapours. 
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air supply must be so related that au actual Jlaim never appears. The burning may last a week 
or mcnre. lOO cub. yd. of dry wood yield 50*75 cub. yd. of charcoal lOO parts by weight of wood 
containing 25 per cent water yield 2028 parts of charcoal containing 89*90 per cent C, i*a per 
cent H, 2*a per cent 0, 2-i i per cent water, and 3 per cent ash. 

In Swed^, Russia, and U.S. America, a considerable amount of wood taf is obteined by 
burning In this manner, or in masonry kilns. Depressions are made in the floor of the kiln under* 



Fig. 146. — Small Retorts for Wood Distillation. 

(F. H. Meyer, Hannover^Hainholr, Germany.) 


neath the layer of wood (Fig. 143). The tar flowing from the heated wood into these passes out 
by a channel into a vessel outside the kiln, and is there collected. 

Freshly made charcoal is spontaneously combustible and very hygroscopic. Its calorific value is 
about 7,000 calories. In this process all the valuable volatile products are completely lost. 

F. H. Meyer (Hanover) has designed large kilns (Fig. 145) with appliances for sucking off 
vapours, and thus gaining a large yield of volatile distillates. That shown in the illustration takes 
300 cub, m. of wo<^ with a working time of twenty days. 



Fig, 147.— Large Horizontal Retorts for Wood Distillation, showing Wire Cage on Rails. 
(F, H. Meyer, Hannover-Hainholz, Germany.) 


Destructive Distillation of Wood from Closed Retorts 

The advantage of this pr<Kess is that it allows the recovery of all the volatile 
products. The disadvantage is that the retorts are necessarily restricted in size, and 
con^uently will not take in much wood at a time. The yield of chgrcoal and 
distillate de^nds very greatly both upon the nature of the wood and the manner in 
which the distillation is carried out Thus if the heating be carried out rapidly in 
small retorts and at a high temperature^ much gas and iittle charcoal is produced. 




DISTILLATION OF WOOD 


325 


also little acetic acid and tar ; while heating slowly in larger retorts increases the 
yield in oils and acetic acid and charcoal, but diminishes the yield of gas. Attaching 
the retorts to a vacuum pump during the process of distillation considerably increases 
the yield of volatile products. 100 parts air-dned wood yield on distillation:— 



Charcoal. 

Tar 

Wood 

Vinegar. 

Wood 

Vinegar 

containing 

Aceuc 

Anhydnde 

Gaa. 

1 slowly heated - - - 

1 quickly „ - • - 

Oak / slowly heated - 

1 quickly „ - • - 

Birch ' • - 

( slowly heated - 

P'"* iqmckly . 

z 6 7 
21.9 
34-7 

277 

29 2 
21.5 

303 

24 2 

59 

4 - 9 

37 

3*2 

5 - 5 

32 

4.4 

98 

45.8 

39 5 
44-5 
42.0 
456 

39 7 

41 0 

42 0 

52 

39 

4-1 

34 

56 

4-4 

2.7 

24 

21 7 

338 

172 

27 0 

19*7 

35-6 

24.4 

24 I 

Stolze obtained the following numbers as the result of slow and very careful 
carbonisation — 

too Ibt 

CharcoaL 

Tar 

Wood 

Vinegar 

Wood 

Vinegar 

containing 

Acetic 

Anhydride 

Gases 

Cubic Yards. 

Beech 

Oak 

Birch 

Fir 

24.6 

26 1 
24,4 

26 6 

95 

9 t 

86 

II 9 

440 

43 

449 

42 3 

89 

77 

89 

42 

XO 8 

XO 

98 
*2 5 


Especially worthy of remark is the small percentage of acetic anhydride in the wood 
vinegar from the pine and fir, and the large amount of gas yielded by fir. This explains 
why distillers of yellow pine seldom save the pyroligneous acid or wood vinegar 
The tar of the pine and fir contains a considerable amount of turpentine oils 

Fig 146 shows a plant for wood distillation designed by the firm F H Meyer, Hannover* 
Hainholz It consists of two iron cylinders A and b each about 3 m. long and i m diameter 
embedded m masonry and heated by means of a fire r placed intermediately between them The 
hot gas and Hame from the fire circulate round the retorts and slowly char the wood The non- 
condensible gases coming over with the products of distillation pass from the condenser g through 
the tube hi and are burned as fuel under the retorts The temperature 1$ initially kept as low as 
possible Up to 150** C the distillate consists principally of water; between i50**28o'* C. the 
bulk of the acetic acid and methyl alcohol comes over ; above 300"* C tar distils The gas escaping 
consists at first mainly of CO2; at a higher temperature CO, CH4, and H2 gas comes over 
Heavy gaseous hydrocarbons are hardly produced at all as with coal The gases bum with a 
pale non*luminons flame. Immediately connected with the retort is a wide tube € leading to a 
tar separator, foUowed by a coil of copper tubes /, cooled by water in a tank Here the liquid 
distillate condenses and can be run off into a suitable receptacle. 

The non-condensibte gases from the retort first pass a hydraulic seal (as in gasworks) g — to 
prevent the flame striking back — before passing along hi to the furnace 

Ibe wood, cut into pieces of a suitable lenra ana thickness, is placed m the retort by means of 
a wire>work cage, which slides m and out of the retort In larger retorts the wood is placed in 
wire cars mounted on wheels, which run on rails m and out of the furnace. Fig. 147, which 
represents a modem plant manufisctured by F. H. Meyer of Hannover-Hamholz, Germany, shows 
the most general type of retort, which is usm m large works both in America and on the Continent, 
and which is rapialy replacing the oven system. Sometimes a steam exhauster is attached to the 
outlet from the retort, whereby die yield of acetic acid is considerably mcreased, smce the volatile 
vapours are dius sucked out fi^ the retort before they have been decomposed by the hot walls and 
hi^ temperature. Dry wood gives the best results. 

The oistiUatioa lasts twelve hours. The charcoal is withdravm in closed iron-plate cylinders 
and is allowed to cool. 


*4 


























326 


IND US TRIAL CHEMIS TR Y 


A cubic metre dry beedi, weighing 396 kg., yields approximately 122 kg. charcoal, 157 kg. wood 
vinegar (containing 18.5 kg. acetic acid, and 4.6 kg. methyl alcohol), 24 kg. wood tar of sp. gr. 1.08, 
93 kg. of gases ; while to carry out the distillation needs about 43.5 kg. coal to heat the furnace. 



Fig. 148. — Vertical Retort. 

(F. 11 , Meyer, Ilannover-IIainholz, Germany. 


When pine wood or fir containing much resin has to be distilled, usually vertical 
retorts are employed w'hich contain at the bottom an outlet tube for the melted resin 
— a rather valuable product (Figs. 148, 149). Such retorts, although yielding better 

charcoal, are slightly dearer to 
work than horizontal retorts. 

GrdndaTs Tunnel 
Kiln for Charring 
Wood (German Patent, 
112,932, i8th July 1899). — 
The Iron and Steel Institute 
of Sweden in 1904 judged 
this system to be the best in 
use at that time ; it is used 
at Pitkiiranta in Finland. 
It consists of a masonry 
tunnel 66 m. long, divided 
into several com[)artnients 
by dam])eis or doors of iron 
plate. The first compartment, 4 5 m. long, is the entrance cliamber. Next 
comes the charring chamber, 40 m. long, followed by a 17 m. long “chanoal 
cooling’* chamber, and finishing with another “entrance chamber” 4.5 m. long. 
Trucks on rails loaded with wood can be drawn through the tunnel. The central 
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“ charring chamber ” is really a sort of muffle furnace, heated by the hot gases of 
a furnace placed beneath the tunnel, the flames pass through earthenware or iron 
tubes running round the interior of the chamber between the walls and the trucks, 
so that the temperature is kept continuously high enough to completely carbonise 
the wood. No gases from the fire, however, actually enter the chamber and come 
in contact with the wood. The volatile products from the wood escape through 
pipes in the roof and are condensed in the ordinary way, as in the retort system. 
The tar in the wood drips from the cars on to the floor of the furnace, and runs 
into depressions placed in the floor at intervals, thence escaping through pipes to 
tanks placed on the outside of the furnace. 

The wood, cut up into suitable slices, is loaded into wire-cage trucks and is 
placed in the furnace as follows : First the outer door of the entrance chamber is 
opened and a truck run in — the chamber being just big enough to hold it — and 
the door is shut. Then all the sliding doors between the two entrance chambers 
are opened, and the whole row of trucks inside (filled with wood) are drawn through 


tinting Tubt* 




Fig. 150. — Grondars Tunnel Kiln for Charring Wood. 


a waggon length by means of a winch placed outside the furnace. Consequently 
the last waggon in the furnace, which contains the charred wood or charcoal 
ready to be removed, is di.iwn into the last entrance chamber, while the fresh 
wood truck is drawn from the first entrance chamber into the central charring 
chainbrr. 'Phe furnace thus works, practically, continuously, l.very hour a truck 
of wood is drawn into the furnace at one end, and simultaneously, at the other end, 
a truck of charcoal is withdrawn, The yield is stated to be less with this furnace 
than by other constructions, but it is very suitable for countries rich in wood and 
needing much charcoal. 


Steam Distillation of Wood before Charring 

Occasionally pine or fir wood rich in turpentine or resin is steam*distilled with 
saturated or superheated steam /Y/ore carbonising, in order to recover the turpentine 
oil. Th e steam from a boiler passes through a superheater, and then in succession 
througii two or more retorts. The melted-out liquid resins flow away from the 
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floors of the retorts, while the distilled products pass over to a condenser. The 
wood is left dry — using superheated steam — and is then charred in the usual way. 

Before charring the wood is sometimes extracted with solvents to recover rosin 
left in the wood ; see under Turpentine Industry, p. 338 - 

Distillation of Sawdust and Wood Waste 

Sawdust is difficult to distil in ordinary retorts owing to the fact that it is an 
extraordinarily bad conductor of heat — so that the outer portions char before the 
internal layers are scarcely hot. Moreover, the charcoal formed is of little value 
since it will not form a coherent mass. Various devices are used, such as revolving 
iron retorts, through the interior of which flames play. Halliday's apparatus, much 
used in England, consists of a cylinder with a feeding screw, placed in a furnace. 
According to the speed with which the screw is driven, the wood can be exposed 
for a shorter or longer time to the action of the heat. Thus, as large as possible 
a yield of acetic acid is obtained (Fig. 151). 


WOOD TAR AND PYROLIGNEOUS LIQUOR 

The liquor distilling over from the retorts in which the wood is being carbonised 
separates out into : (i) Wood Tar, (2) An Aqueous Layer called Pyro- 
ligneous Liquor (or crude 
wood vinegar). 

Some very important imprnvcmonls. 
in the separation of tar from the p)ro* 
ligneous acid were made by the film 
F. H. Meyer, Hannover- 1 1 ainholz, in 
1904 (see German Patents, Nos. 189,303 
and 193.382). To effect a technically 
complete separation of tar from the 
pyroligneous liquor, they attach to llic 
retorts a six*cial condensing apjw rains 
(Fig. 152). The fi< >111 the charring 
retorts enter at r ar.d into a cham- 
ber A which IS h<Mlcd to a suitable tem- 
perature l>y liie li\e steam coil (, In 
A the bulk of the tar condense -> togelhei 
with some acetic acid. The latter, 
however, is again volatilised by the 
Steam issuing fiom tlx.* cod c. 'I'l e 
vapours — alioadv relatively t.n fo < 

rise up through A and pass into a successive series of chambers through bell capsule. A, ' 
further condensation of tar takes place and the vapours passing through become stpl rit b -r , 
acid. The process is repeated in the successive chambers ig o, d, k, and tl 
escaping from E are practically free from tar, and on condensation an<i neufr.i' 
directly yield grey 82 per cent, acetate of lime. The separated tar, pouring bo . mi im 
tubes a, a, runs away at the base through a special outlet. 



Fig. 1 5 1. — Halliday’s Apparatus for Distilling 
Sawdust and Wood Waste. 


Im .1!)' 
'I luiu\ 
ugb the 


Wood Tar 

Treatment of the Wood Tar. — 'The wood tar is run off from the aqueous 
layer of pyroligneous liquor and specially worked up. It contains an enormous 
number of substances, such as paraffins and other hydrocarbons, high boiling 
phenols and their esters (but only a small amount of phenol, suc h :is 

OH OH 

, kreosol, QjHg(CH3)/ 


paracresol, guaiacol, C,;Hj( 


"^OCH 


, pyrogaliic cstcr.s* 


fatty acids and esters, and pitch. 

Pine-Wood tar contains much turpentine. 

Beechwood-Wood tar is especially rich in guaiacol and kreosol - 
The so-called “ Stockholm Tar’' — principally from pine wood — is much valued 
as a preserving paint for ships, roofing, masonry, etc. 
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DiStilldtion of Wood Tar.^ — ^Wood tar is distilled in a manner similar to 
coal tar, using the same precautions against boiling over. It is then separated 
into Lig:ht Tar Oils, Heavy Tar Oils, and Pitch. The Light Tar Oils are 
used much in the same way as Benzine. The lighter oils from pine tar are 
known as Pine Oil,” and are especially rich in turpentine ; it is largely used 
for making paints, varnishes, and lacs. The more mobile part of birch tar, 
known as “ Birch Tar Oil,” is used in finishing Russian leather. 

The Heavy Tar Oils (oil of pitch) are largely used in pharmacy and for 



impregnating wood, etc., being more suitable for the latter purpose than the corre- 
sponding oils from coal tar. 

A Creosote is obtained from beechwood heavy tar oils by extracting with 
caustic soda solution, and precipitating with CO^ or acid. 

This creosote boils between aoo^aao"* C., h^ a sp. gr. 1.07, and has a strong 
smoky odour. It consists pnncipally of g^aiacol and kreosol, and is used: 
(i) In the “quick smoking” process for ham, fish, etc.; (a) as an antiseptic in 






330 


INDUSTRIAL CHEMISTRY 


medicine, being considerably less poisonous than phenol ; (3) in medicine, 
especially fot coughs, colds, consumption, etc. etc. Some of the “ Pine Tablets,*^ 
etc., placed on the market consist largely of these substances. 

Pure Guatacol, CeH4(OH)(OCH3) (1.2), isolated by means of its potassium or banum salt, is 
obtamed m large colourless needles, B P. 205® C. It is also produced syntheUcally, by heating 
pyrocatechm wth KOH and potassium methyl sulphate to 180® C. 

Wood pitch, the residue left in the still, is mixed with coal tar or colophony 
asphalt, and sold for shoemaking. 

Statistics. — England imported (principally from Russia) in 1910 about 279,600 cwt. of 
wood tar, of value ;6^87,500. The United States m 1910 imported i,oi8 barrels Ihs. to the 
barrel) of tar and wood pitch 

Pyroligneous Liquor or Crude Wood Vinegar. 

The aqueous layer of pyroligneous liquor separated from the coal tar (above, 
p. 328) contains about 10 per cent, acetic acid, i-a per cent, methyl alcohol, 
o. 1-0.5 per cent, acetone, as well as small amounts of propionic, butyric, formic, 
and other acids, methyl acetate, allyl alcohol, furfurol, phenols, amines, ketones, 
etc. Suspended or dissolved m the aqueous fluid occurs about 10 per cent, of 
tarry matter 

Treatment of the Pyroligneous Liquor —The liquor is distilled in ordei 
to separate the acetic acid, methyl alcohol, and tarry matter. The crude wood 
vinegar is placed in a vessel and boiled by means of a steam coil The distillate 
passes in succession into two boilers, each charged with milk of lime. Here the 
acetic acid is fixed by the lime forming calcium acetate, while the methyl alcohol, 
passing on, is fractionated and condensed in a still Any methyl acetate distilling 
is saponifi^ by the lime into methyl alcohol and acetic acid 

A great saving m fuel, steam, and space is effected by F. H. Meyer’s system (German Patent, 
193,382) of distilling the pyroligneous acid in multiple evaporators m vacuum 

Manufacture of Acetate of Lime. — The contents of the boilers con- 
taining excess of lime and calcium acetate (which is in solution), are run off 
filtered, the solution evaporated with continual stirring in steam-heated copper 
pans. The tarry matter rising to the surface is skimmed off through a sliding 
door. When the specific gravity reaches x.ii6, the calcium acetate separates as a 
thick paste, which is removed and spread on flat iron pans to be dried, continually 
stimng the while with iron shovels. The “grey” acetate contains 80-82 per cent, 
calcium acetate and 20 per cent, water (from which it cannot be freed without 
decomposition). 

Uses.— As a source of acetic acid, acetates, and acetone. Used in Waterproofing, p. 526, 

Statistics.— The export of acetate of lime from the United States is shown by the following 
figures* 1906, 31,000 tons; 19x0, 28,000 tons; value m X910, $^433,000 

The English import of acetate of lime (almost entirely from Canim and the United States) in 
19x0 amounted to 4*300 tons (value £42,000) Germany produces about 10,000 tons. 


Manufacture of Concentrated or Glacial Acetic Acid 

S. MiaKZiNSKi.— “Die Industrie der Essigsaure u. d. essigsdueren Sabe.” Leipzig, X905. 

Glacial acetic acid is now manu&ctured almost entirely from the crude grey 
calcium acetate obtained from wood distillation plant (see atove). 

The method adopted is to decompose the calcium acetate with concentrated 
sulphuric acid, when acetic acid of 70-75 per cent, distils over mixed with SO* and 
other gases, too parts 80 per cent, calcium acetate are placed in cast-iron boiler 
provided with powerful stimng apparatus and heated by steam. About 60 parts 
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of 66 per cent, sulphuric acid are slowly run in and the distillation earned out in 
a vacuum ^see Lindes’ German Patent, 92,418, 29th November 1894). The acetic 
acid distilling over is condensed in copper or earthenware tubes, while non- 
condensible evil-smelling gases pass on and are led into the furnace. A considerable 
amount of SO, escapes while part remains dissolved in the acetic acid. A mass 
of calcium sulphate mixed with charred carbonaceous matter remains in the boiler. 
The crude 70-75 per cent, acetic acid thus obtained (contaming o.i per cent SO,) 
is then fractionated from copper (or chamotte-plated cast-iron) boilers, using a 
columnar condenser as in spint distillation 

The sdU is heated with steam and is coated mtemally with chamotte plates (since acetic acid 
in the presence of air attacks copper). The vapours pass out mto a rectifying column, usually 
constructed entirely out of porcelam or other actd-fiist material, the outer casing being, however, 
of c^per. In a water tank at the top of the rectifying column lies the dephlegmater (see under 
Spirit OtetUlatiofi), which dephlegmates the dilute acid coming over at first, later, when the 
pm acetic aad distils, the dei^legmater is disconnected The fiirat runnings consist of ddute acetic 
add containing SO» dien the bulk of the practically pure acetic acid distus over, followed finally 
by heavier homologous acids, such as propiiofiic and butyric acid. The glaoal acetic acid is finally 
pimfied \sf addt^ potassium permanganate and rectifying, using silver condensing coils. 

The Chem* Iwrtk Rhenanta (German Patent, 117,559, 8 th March 1898) obtains a very pure 
^ per cent aad by decomposing calaum acetate by means of sodium pol3r^phate, NaH9(S04), 
(obtained as a by-product in manufsu:tunng nitnc aad. Carman Patent, 106,962, 8th March 1890), 
using a reflux condenser, when the reaction — 

aCafCgHjOJa + aNaHtCSO^), = 3CaS04 + NaHS04 -I- 6CH,.COOH, 

tikes place. The product is free from H,S04 and SOg, and needs only rectifying once. 

E, A. ^ /. Bekrsns (German Patent, 121,199, 6th October 1899) dissolve the commercial 
8a per cent dry caldum acetate m 60 per cent acetic aad, and add the theoretical amount of 
92 Mr cent HgSCt. The CaSO^ preapitatmg abstracts the water from the acetic aad 
(CaS04-f 2Ht0»CaS04.2lIt0), and the whole mass becomes solid, when the concentrated acetic 
add IS pressed over m the cold, or simply distilled 

Properties. — Pure 100 per cent glacial acetic acid melts at 17* C., boils at 
ii8* C. ; technical glacial acetic acid contains 96-99 per cent of acid. The pure 
acid should not decolourise potassium permanganate On diluting with water the 
specific gravity increases^ attaining a maximum density with an 80 per cent acid ; 
thereafter it diminishes, as the following table shows : — 


Acetic Add. 
Weight 
perCeot. 

Sp Gr 
ts/ 4 -C. 

Acetic Aad» 
Weight 
percent* 




Sp Gr. 

1 S/ 4 -C 

100 

• • • • 1 0553 

40 - 

- 



- I 0523 


- 10713 

30 • 

• 



• I 0412 

80 

- • • - 1 0748 

20 

- 



• 1.0284 

70 - 

- 10713 

- I 0^5 

10 

- 



- 1.0142 

60 

0 

- 



- a 9992 

SO - 

- I 0615 







Stadstict. — Germany produces about 10,000 tons (at 550 m ) annually, 5,000 tons of which go 
in the manuflicture of syndietic mdigo (see this). England m 1910 import 4»500 tons (value, 
jf88,ooo). 

Uses.— Laigely used in coal-tar colour manufacture. The manu&cture of synthetic indigo 
alone uses up over 3,000 tons yearly. The preparation of mordants-— such as alnmixuum acetate, 
iron acetate, chromium acetate, co^r acetate-^or the doth-dyemg and printing trades uses up 
very large amounts of acetic add The great value of acetate mordants lies in the net that the aad 
is volatile, and on steaming escapes, leaving behmd the sesquioxides of the metals. They are usually 
produced in aolution in USt dye vats by decomposing lead or caldum acetate with the sul^^tes of 
the required metals, the lead or caldum being paredpitated as sul|diate. 

Crude acetic acM is used for smoking meat and fish. Pore acetic add from wood is also used 
largely in Germany and France as a tame vinegar, being flavoured for the purpose by digesting 
with certain aromatic herbs, such as fennel, being sold m a 70 per cent solution as **Essrace of 
Vinegar*** See also Vin^;ar, p. 317 

Salts 

Lead Acetate, ** Sugar of Lead,** Pb(C»Hi0^3H^, is obtained by dissaving Uthaige, 
FbO, in crude ac^ ado or vibegar. The aqueous solution takes up more lead oxide 
baste acetates. Ciystallises welL 
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Calcium Acetate, Ca(C2H302)2*^l20, is an easily soluble body, but forms crystals with 
difEculty (see p. 330). 

Sodiiim Acetate, Na(CaHsOa).3HaO, forms an easily soluble crystalline salt. 

Copper Acetate (Verdigris), Cu(CaH80a)2*H20, used as a paint (see Pigments). 

Iron Acetate solution is obtained by dissolving scrap iron in crude acetic acid. Used as a 
mordant. 

For Esters of acetic acid see under Alcohol Preparations. 

Monochloracetic acid, CHgClCOOH, M.P. 62’, is now prepared on a 
very large scale for the manufacture of synthetic indigo, by passing chlorine through 
hot glacial acetic acid in the presence of acetic anhydride. 

% 

Methyl Alcohol^ Wood Spirit 

The crude methyl alcohol collected during the distillation of the pyroligneous 
liquid (see p. 330) contains about 10 per cent, methyl alcohol. It is rectified over 
milk of lime in a columnar still, and is thus placed on the market as 80 per cent. 
“Crude Wood Spirit”; this contains as impurities allyl alcohol, acetaldehyde, 
formaldehyde, furfurol, methylethylketone, acetone, amines, pyridine, etc. 

It is purified by diluting to 30-40 per cent., adding milk of lime (20-30 1 . to 
every 1,000 1. of spirit), and carefuhy and slowly rectifying from large columnar 
stills for several days. The first runnings contain 8-60 per cent, acetone, and some 
allyl alcohol ; while the final fractions contain high boiling ketones, and are known 
as “ wood oil” — a practically valueless by-product. The intermediate fractions 
consist of nearly pure methyl alcohol, which is obtained practically pure by again 
diluting with water, adding some NaOH, and rectifying. Last traces of acetone 
may be removed by distilling over bleaching powder, which converts the acetone 
into chloroform, but at the same time destroys some of the methyl alcohol. Dark- 
coloured, sharp-smelling impurities are often removed by filtering through wood 
charcoal. 

Properties. — Pure methyl alcohol, CH3OH, boils at 66“ C., has sp. gr. 0.80, 
and has a faint, spirituous odour. Taken internally it intoxicates, but is too dear 
for use as a spirituous liquor. 

Uses* — Pure acetone-free methyl alcohol is much used in the colour industry 
for making dimethylaniline, methyl chloride, CH3CI, methyl bromide, CHgBr, and 



Fig. 153. — F. H. Mcyer’i Apparatus for Manufacturing Acetone. 
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othor methyl compounds. Crude wood spint containing acetone and other 
impurities has a sharp, aromatic smell and taste, and is used for denaturing alcohol 
(thus producing “Methylated Spirits”) as well as for varnish making, French 
polishing, etc. 

The source of methyl alcohol is invariably wood. The amount of acetone it 
contains is determined by the Iodoform Test. (See Acetone.) 

Statistics.— Germany m 1905 imported 4,770 tons at 700 m. from North America and 
Austria. England m 1910 imported 448,500 gals, (value, ;f47,ooo), of which no less than 
400,000 gals, came from &e Umted States. The export of wood alcohol from the United States 
is shown by the following figures : 1906, 780,000 gals ; 1907, 2,xco,ooo gab. ; 1908, 1,959,000 gals.; 
1909, 1,100,000 gab. ; 1910, 1,329,000 ; value m 19x0, $582,000. 

Acetone, Dimethylketone, CHg.CO.CHg, is a clear, mobile, ethereal-smelling 
liquid, boiling at 56.5* C , and of sp. gr. 0.797 * 5 * C. Although it occurs m 

crude wood spint it is seldom isolated from it, being used in the impure state for 
denatunng alcohol. Pure acetone is manufactured on F. H. Meyer’s system by 
heating crude calcium acetate to 300**400* in perforated trucks placed in a retort 
(Fig. 153): — Ca(CHgC00)g«(CHg)2C0 + CaC 0 g. The volatile acetone vapours 
escape through a pipe and are condensed. There remains m the truck finely 
powdered CaCOg, which is removed by opening the retort and runnmg out the 
truck. The crude acetone contains homologous acetones and acids, as well as 
aldehyde, while CH^ escapes. The acetone is purified by fractionating over lime. 
100 kg. of 80 per cent calcium acetate yield 25-30 kg crude acetone of 60-70 per 
cent. Tralles. 100 parts of wood yield about i part of acetone. 

Up to 1912 the sole source of acetone was the dry distillation of wood and the 
subsequent decomposition of calcium acetate. Owing to the modem use of wood 
pulp for paper, and the consequent diminution in the supply of wood available for 
destructive distillation, coupled with the low yield of acetone (only i per cent 
of the weight of the wood), the supply of acetone was not meeting the rapidly 
increasing demand, and so the pnee had been nsing until in 1912 it reached ;^89 
per ton. In that year A, Fernbach introduced his Fermentation Process for 
producing acetone from starch. Gram, potato, or other starchy mashes are 
inoculated with Fernbach’s culture, and allowed to ferment. The starch breaks 
down into higher alcohols (pnncipally butyl) and ketones, of which acetone forms a 
considerable portion. The mashes are then distilled, and the acetone separated by 
fractional distillation. It is found that 1 5-20 per cent, of the starch is transformed 
into acetone. The crude starch acetone contained 78 per cent, pure acetone, 
II per cent of “Miscible Ketones,” and 11 per cent impure acetone. The 
Synthetic Products Company of London propose to place the acetone on the 
market by this process at ;^35-;^4S per ton (see p. 314) 

. Uses of Acetone.— Acetone is a valuable product employed for making 
chloroform (p 378), iodoform (p. 380), and as a solvent for acetylene (pp. 401, 403); 
in making celluloid (p 208), and synthetic drugs (p 605). By far the greater 
quantity, however, is employ^ as a solvent for nitrocellulose in the manufacture 
of blasting materials and smokeless powders, such as cordite (see p, 639). 

For eaplosive manufacture the acetone must be free from all acid or aldehyde, boil at the 
ooirect temperature, and yield with iodine and caustic soda solution the conect amount oi 
Moform, accordu^ to the equation — 

(CH,)gCO + 3I* + 4NaOH = 3 NaI + CHI, + + sHgO. 

Acetone (t molecule) lodofonn 

(i molecule). 

Statistka.— The English import of acetone m 1910 amounted to 22,000 cwt, of value >^57,000. 
The world’s supply of acetone m 1912 was estimated at 10,000 tons. 
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THE TURPENTINE AND ROSIN 
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By G. Martin, Ph.D., D.Sc. 

LITERATURE 

“Resin and Turpentine from Indian Pines.” 71 Imperial Institute IIandlx)okj No. 7, 
8 VO C. 1893. 

BOLEr,, F. — “Neuerungen, etc., in der Aufarbeitung von Kohterpentine u. Harz.” I<,eipzig, 
1897. 

Birbal. — “ The Manufacture of Turpentine and Colophony at the Imi^erial Forest School, 
Debra Dun.” The Indian Forester^ vol. 26, October 1900, No. 10. 

Fer.nandez, E. E. — “The Resin Industry in France,” pp. 25-41. Appendix series of 
Indian Foresit' r Reports,” June 1897. Indian Forester^ vol. 23, 1897. 

Andks, L. E. — “Die Harzprodukte.” Wien, 1905. 

Sch\vp:izer, V. — “ Die destination der Harze.” Wien, 1905. 

Tschirch. — “ Die Harze und die llarzbeluilter.” Leipzig. 1906. 

SCHLEICHKK. — “ The .Viiierican Resin Industry.” T^an^. in Indian Forester vol. 23* 
January 1897. No. i. 

Herz, C. H. — “ New Mctliod of Turi>entine Orcharding.” 43 pp. U.S. Department for 

Agriculture, Division Forestry, Bulletin No. 40, J. 29, Fo. SS7. 

Oil of Turpentine, or Spirits of Turpentine, is derived from coniferous trees, 
especially from the pine, Pinus palustris^ and P. Taeda^ L., and from the Scotch fir, 
P. sylvestris^ L. Incisions are made in the bark of the trees, and the exuding 
viscid liquid is caught in vessels placed beneath the cut. The substance is then 
vacuum distilled in a current of steam. The volatile turpentine oils (forming about 
1 7 per cent, of the mass) distil over and are collected. There remains in the boiler 
the non-volatile colophony, which is run ofT. A modern plant is shown in the 
diagram, Fig. 154. 

The crude resin is placed in a receptacle pro- 
vided with a wire-net filter. It is melted b} means 
of Iwat supplied by steam passing through the 
doui)le liotlom with which the receptacle is pro- 
vided. Simultaneously a vacuum is set up in the 
still A by means of a vacuum pump. The melted 
resin is then straiiic<i through the wire netting 
and enters the still A tlirough a. Here, under a 
vacuum of 15-25 cm. and at a temj)erature of 
*75 C., the volatile oils distil over. The 

still may be placed over a liie, but isshieldcHl from 
its direct action. It is often heated liy gas or 
ineiely by superheated steam. 

A steam coil cc containing superheated steam 
maintains the contents in ebullition, while at the 
same time a current of superheated steam is driven 
by means of the injector tnn through the lx:>iling 
oil. The volatile distillate condenses ia the copper 
coils immersed in the water tank c, and runs into 
the collecting tank P, which is conncctetl with 
the evacuating apparatus ; as D fills the liquid is 

run off into another reservoir. When the distillation is finished the fluid colophony is run oft from 
the still A and allowed to solidify in suitaWe receptacles* 

The various turpentine oils consist of a number of isomeric hydrocarbons, 
Pinene, B.P. i5s“-i6o* C, and of sp, gr. 0.85-0.87. The various brands 

are distinguished by their different degrees of optical activity. The three 
commercial grades are important: — 

I. French Turpentine, consisting principally of the terpene “ terebenthene 
or laevopinene,^* which is laevo-rotatory to polarised light. 



Fig, 154. — Kramer & Flammer's Vacuum 
Still for Rosin. 
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2. American or English Turpentine contains the terpene, Australene, 
CioHift which, as regards specific gravity, boiling point, and chemical properties, 
strong^ resembles terebenthene, but is dextro-rotatory, 

3. Russian Turpentine, which contains the terpene sylvestrine and another 
pinene (see under Essential Oils). 

The oil of turpentine, after distilling, is washed with caustic soda solution to 
retain any rosin acids. It is then redistilled and sold as ** rectified spirits of 
turpentine.” It then forms a water-white, mobile, hght refracting liquid, of sp gr. 
o 640-0.872, distilling between i56*-i7o* C Exposed to air it absorbs oxygen and 
becomes resinous. 

Much turpentuie is made in Russia by the destructive distillation of twigs and leaves. Turpentme 
being such an extremely important body, repeated efforts have been made to extract it from twigs, 
branches, and felled timber by various processes, such as superheated steam or solvents. One of 
the most promising processes is that in which the wood is heated to 32^^-375* F. in a bath of 
rosin, washed pine tar, pine oil, soft pitch, or the heavy residuum remaining a^fier the distillation 
of the lighter oils obtamed from wood. The solvent extracts the turpentme and similar products 
from the wood, and is then drawn off from it and superheated steam is then blown through the hot 
rosin bath, thereby disblling over the turpentme oils. Wood so treated is especially useful for 
making creosoted timber or street pavmg olocks. Many modifications of the process are known 
For some recent patents see English Patents, Nos. 4,355, 1903 ; 15,338, 1906; 0,831, 1907 ; 5,978, 
1909, 19,109, 1909, 29,886, 1909; 27,076, 1910. See also pp 327-328. 

A great improvement in the rosin industry was effected by G Walker in 1905 The turpentine 
is first extracted by gnndin^ the wood and submitting it to the action of live steam m closed vessels, 
whereby the turpentine oil is earned over by the steam into a condenser and afterwards is refined 
and sold as wood turpentme. Next the wood is treated in a kind of Soxhlet extractor for the recovery 
of the rosin still m the wood In an apparatus erected by Walker at Conw^, S. Carolina, about 
200 barrels of rosin are produced per week, together with much turpentine The process produces 
five times as much rosin and turpentme in twelve hours as the same quantity of wood produces in 
four years by the old method of CK>xing the trees, and so will probably supersede the older methods * 

Turpentine is one of the best and most widely used solvents for resins and 
oils in making varnishes and paints. The disinfectant Sanitas is stated to be 
made by passing a current of air through Russian turpentine in the presence 

of warm water. 

Turpentine 'Substitutes (communicated by Mr Dancaster, B Sc ) —The chief turpentme sub- 
stitutes are rosin spint, shale spirit, petroleum spmt, and coal tar naphtha All these may be used 
as adulterants of real tumntine or as substitutes for the latter Also the cheaper kinds are used to 
adulterate the dearer. These substitutes are^ frequently sold under fancy names such as turpen- 
^ne,” and **turpenteen.” For Rosin Spirit, see below For Shale Spirit, see p. 8 For 
Petroleum Spirit, see p 7 For Coal-Tar Najditha, see p 417. 

Rosin or Colophony, the residue left in the still after the turpentine oil 
has been removed, is one of the cheapest resins (see p. 349), occurring as a yellowish 
or brown brittle mass It consists of a mixture of modifications of the anhydride 
of abietic acid,t C20H4QO2 It is extensively used for making varnishes, soap, 
rosin oils, and for sizing paper, cotton, etc. It is stable at 150’ C., but between 
2So*-3oo‘’ C. it begins to 'distil, yielding rosin spirit and rosin oils (which see). 

The constants of rosin vary greatly with its source and quality , neutralisation 
value, 140-164, saponification value, 147-176, iod, value, 90 180. 

Destructive Distillation of Rosin. — By carrying the distillation of rosin 
or colophony further than is required to separate turpentine oil, it is decomposed 
between 25o*-3oo* C,, yielding a number of oils 

The colophony is placed in a large iron still, capable of holdmg 50-70 barrels of rosin, and 
heated by direct fire The still is connected with a suitable copper condenser and the operation 
Udees about twenty-four hours There finaUy remains m the still a coal-like mass. During the 
destructive distillation a considerable quantity of gas is evolved, which is led into the furnaces and 
burnt as fuel under the still. 


* See Pritchard, “Recent Developments in Wood Distillation,” Soc, Chem, Ind ^ 1913 
418 

+ The formula of abietic acid is variously given by different writers. A common formula is 
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The first distillate is a pale yellow oil, known as rosin spirit, boiling between 
78*-25 o* C, and consisting of a complex mixture of hydrocarbons and oxygenated 
bodies, and somewhat resembling turpentine, for which it is sometimes substituted. 

The distillate is washed with sulphuric acid to remove alkaline impunties, and then with caustic 
soda to remove acid impunties. It is then redistilled. Refined rosm spint is a colourless, light, 
volatile liquid of unpleasant odour. Its specific gravity varies from o 876-0 883. On exposure to 
the air it evaporates, but aportion oxidises to a resmous solid, m the same manner^ but to a lesser 
extent, as turpentine. Ine spirit consists of prmcipally various hydrocarbons, among which 
amylene, QH^, hexylene, CeHi2, and heptme, C7H12, have been found When of good q^ty rosm 
spirit is the best substitute known for turpentine Its composition, however — and merefore its 
quahty — is very variable, and it fre<^uently contains rosin oil, which prevents the proper drying of 
Uie pamt with which it is used. It is sometimes adulterated with shale or petroleum spint 

Rosin Oil, produced by the destructive distillation of rosin, comprises the 
bulk of the distillate, B.P 3oo*-4oo* C. ; sp gr. 0.982-0.988; iodine value, 
ii2*-ii5*. Probably consists of a mixture of abietic acid, CgoH^Og, phenols, 
and complex hydrocarbons, boiling above 360* C. Rosin oil is used as 

an adulterant for olive oil, boiled linseed oil, etc., also as a lubricant for iron 
bearings It unites with alkalis to form greasy bodies, the compound with lime, 
(i3CioHig) Ca(OH)2, being the commercial “ Rosin Grease.” 

Resin Oil is a pale yellow oil obtained after the turpentine is removed from 
the crude turpentine obtained by distilling wood, BP 200^-214*. According to 
Harper [“Utilisation of Wood Waste,” p 127 (1907)] it consists pnncipally of 
turpineo 1. C,oH„OH. 

Statistics of the Turpentine Industry — The English import of turpentme oil m 1910 was 
23,600 tons (value, ;^i,ooo,ooo). Of this quantity iS,ooo tons came from USA The import of 
rosm was 75,000 tons (value, ;f88o,582). The United States of America produce yearly nearly 
j^4,ooo,ooo of turpentine oil and colophony In 1905 Germany imported 26,200 tons of oil 0/ 
turpentine and rosm oils (value, 1,000,000) and 73>540 tons of rosm (value 500, 000) 

The following figures show the magnitude of the United States export : — 



1906. 

1910, 

Value in 191a 

Rosm - - . - 

1 ar, turpentme, and pitch 
Spirits of turpentme 

2,439,000 barrels * 

15,981,000 gals 

2, 144,000 barrels* 
40,000 ,, 

15,588,000 gals 

*9.7S3.«» 

145,000 

8,780,000 
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APPENDIX 

NATURAL AND SYNTHETIC CAMPHOR 

By G. Martin, Ph.D., D.Sc. 


LITERATURE 

For Patent Literature relating to Camphor, see WinthePs “Patente der Organischen 
Chemie.” 3 vols 1877-1905 

Camphor, CioHj^O, is contained in the ethereal oil of the camphor ttree, 
Laurus camphoray of China and Japan It is obtained by boiling the finely divided 
wood with water, when the camphor floats to the surface, and on cooling solidifies. 
Sometimes the wood is steam-distilled. It is refined by mixing with carbon and 
quicklime and subliming 

Properties. — White crystalline solid, characteristic odour, burning taste, 
almost insoluble in HgO, readily soluble in alcohol, ether, chloroform, etc. 
Sp. gr 0.922-0.995; M P. 17s*, BP 204*. Tough, but may be easily powdered 
after moistening with alcohol. 


Isobomeol, or Borneol (Borneo, Sumatra camphor), is allied to camphor, 
and may be converted into it by oxidisation (see below) 


Uses of Camphor. — Principally for making celluloid (which see), also in 
Medicine, as a moth-preventative, in fireworks and night-lights 

Synthetic Camphor — Since Bredt established the con- 
stitution of camphor, numerous attempts have been made to 
produce it synthetically, and with considerable success 

The starting point is pinene, CjoH^g, a terpene hydro- 
carbon, which may be obtained pure by the fractional dis- 
tillation of turpentine oil. 

Two main types of process for synthetic camphor manu 
facture exist, viz , those which proceed by converting pinene 
into a HCl derivative, and those which treat pinene with organic 
acids 

I Dry HCl gas is led into dry pinene, and the white solid 
product pinenehydrochloride, C^oHj^Cl, is isolated. The Cl 
atom is removed by heating with alkaline reagents, when a 
hydrocarbon, CioH^^, camphene, is obtained This when 
treated with the lower fatty acids + a little HCl, forms an ester of isoborneol and 
also (a little) of borneol, CjoHigO. Next the isoborneol and borneol ‘is obtained 
from the ester by saponifying, and converted into camphor by gentle oxidation. 
The yield of camphor from solid pinenehydrochloride may amount to 95 per cent, 
of the theory. 



Camphor (Bredt) 
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Th« foUowing scheme shows the main chemical changes which take ^lace 



Camphor Bomeol and laobomeol 

(isomend«:»). 

The literature dealing with the chemical changes inrolved b enormous, and the number of 
processes patented for carmng out the various stages is very large 

The first firm to manufacture synthetical camphor was the Ckemtsche Fabrxk auf Aktten (vorm* 
Schering) of Berlin, who possess a whole senes of patents. Other firms are followmg suit Among 
the more important recent patents we may mention German Patents, 149,791, 153^924, 1^,107, 
185,042 and French Patent, 349,896, 1904, which deal with the conversion of pinen&ydrocnloride 
into camphene. The German Patent, 67,255 (expired 1901), of Bertram (conversion of camphene 
into the ester of isobomeols and bomeols by neating with acetic aad -f a httle concentrated 
HgS04 below 50* C. and saponifying resulting ester with production of bomeol and isoboraeol) 
is the most important one for the producti<m of bomeol and isobomeol from camphene. Other 
patents are German Patent, 178,934 (uses fatty add salts or aromatic carboxy acids mstead of acetic 
add), English Patent, 5,U9, 1^04, and French Patent, 349*^52, (1904), convert pmenehydro- 
chloride direct into bomeol and isobomeol by heatmg it for ten hours at 120* m an autodave with 
an alcohohc solution of NaOH + Na formate. 

The oxidation of bomeol and isobomeol is covered by numerous patents, such usual agents as 
air, oxygen, oxone, chlonne, mine aad, KMn04, etc. etc., being u^. By treating camphene 
with otone, Richardson (English Patent, 3,555> 1896) and Nordheim (German Patent, 64,180) 
convert camphene directly into camphor wiUi a yield of 80 per cent, theory. 

2. Piaeae (or turpentine oil) is heated at 100'' C. for thirty>six hours with acetic 
acid, when bomeol acetate is ootained (see Bouebardat and Lafont, Comp. rend. 
(t8S6), 102, 171). This on saponifying yields bomeol and isobomeol, which are 
then converted into camphor by oxidation as before 

as 
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The yield is bad this method * such products as limonene, dipentene, and others are generated 
from the pmene. Hence, although the method is extraordinanly simple, the methods comprised 
under (i) still hold the field. Repeated attempts have been made to improve the yield; for 
example, the German Patents, 175,097, 178,934 (Chemische Fabnk von Heyden), use salicylic 
acid instead of acetic, for heating with pmene ; anhydrous oxalic acid is proposed in the Amencan 
Patent, 698,761, and German Patent, 134,553— the yield amounting to 35 per cent theory. 

The camphor monopoly, which the Japanese Government established after the 
annexation of Formosa, has been broken down by the manufacture of synthetic 
camphor. 

Statistics. — The United States in 1910 imported 3,027,000 lbs. (value $922,000) of cnid^ 
camphor, and 477><^^ lbs. (value $180,000) of refined or synthetic camphor. 
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INDUSTRIAL GUMS AND 
RESINS 


By J. Newton Friend, DSc, Ph.D 


LITERATURE 

For Rosin (Colophony) see under The Turpentine Industry, p. 337, 
for Resins and Gums see And^s, *‘Die Harzprodukte.” Vienna, 1905. 

And^s — ‘*Gummi Arabicum ” Vienna, 1896. 

CORDENOY. — “Gommes, R^sines.” Pans, 1900. 

,, “ Plantes a Gommes et a R^sines.” Paris, 19x1 

Friend. — “ Introduction to the Chemistry of Paints.” Longmans & Co , iQlOu 
Lutz — “ £tudes chcmique dcs Gommes,” 1895 
Tschirch — “ Die flarzc und die Harzbehalter.” Leipzig, 1906. 

Dieterich — “ Analysis of Resins, Balsams, and Gum Resins.” London, I90f, 

It is customary to use the term ** gums ** and “ resins ** synonymously, but this is 
a mistake. Strictly speaking, gums are those exudations of trees and plants 
generally that are either entirely or partially soluble in water, yielding sticky masses 
from which they are precipitated on the addition of alcohol Thejr are, therefore, 
used in the preparation of the so-called water varnishes, and are introduced into 
distempers on account of their binding properties Resins, on the other hand, are 
insoluble in water, but usually dissolve in organic solvents such as alcohol, benzene, 
and turpentine. Clearly, therefore, it is incorrect to include benzoin and the 
dammars amongst the gums, and equally wrong to classify gum arable and gum 
tragacanth as resins. Ii is not always easy to draw a sharp line of demarcation 
between gums and resins, but for all practical purposes it is well to bear the above 
distinction between gums and resins clearly in mind. 

Broadly speaking, resins are brittle and lustrous. The Sierra Leone and Pebble 
copals are particularly good cases in point, being much prized by varnish manu- 
facturers, Few of the varnish resins possess any distinctive odour, benzoin con- 
stituting the main exception, its pleasant aromatic perfume being familiar to all who 
have to deal with resins. 

For the preparation of clear and colourless varnishes the palest resins are in 
great demand, and therefore fetch the highest prices. This is one of the reasons 
why cheap varnishes are darker and less transparent than those for which a higher 
price is paid. 

We have already remarked that resins are soluble in organic solvents, but 
towards these reagents their reactions are both curious and interesting. Thus, for 
example, rosin and sandarac readily dissolve m alcohol, benzene, and turpentine, 
and are worked into varnishes with relative ease. Some of the other resins are 
insoluble in all the usual vehicles until after they have been fused by beat. This 
is true for the copals, and considerably enhances the difficulty and therefore the 
cost of manufacturing varnishes from them. As we shall see presently these 
peculiarities afford a very valuable, means of identifying and distinguishing the resins. 

Statisltca.-^The following figures show the value of the vanous gums and resms imported into 
the United Kingdom 
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1906. 

I9I0. 

Value in 1910. 

Gum arabic 

„ kowne 

„ lac-dye, seedlac, shellac, and sticklac 
Other g^ms and resins - . - - 

Cwt 

77,000 

128«000 

82,300 

213,500 

Cwt. 

107,400 

157,000 

174,000 

223,200 

;^i76,ooo 

638,000 

627,600 

55^,000 


The United Kingdom exported m 1910 about 27,000 cwt of Bntish-prepared gums (value, 
4^68,000). 

The United States impart of industrial gums and resins is given by the following figures 



1906. 

1910. 

Value m 1910. 

s 

Gum arabic 

Chicle 

Copal, kaun, and dammar ... 
Gambler or terra japonica - . - 

Shellac 

Tragacanth 

All other 

Cwt. 

36,200 

50,400 

182,600 

279,200 

140,000 

Cwt. 

48.000 
60,600 

262,100 

228,300 

262,500 

12.000 

$315,000 

2.547.000 

2.962.000 

1.256.000 

3.878.000 
310,000 

1.445.000 


Tlie export (prmcipally to Canada) was in 1910 Gum arabtc^ 2,000 cwt. (value 818,000) ; 
chtclet 15,000 cwt. (8565,000) , copal and kaurt^ 12,000 cwt. (8165,000) ; gambter^ 7>0OO cwt. 
(841,000) ; shellac^ 3,900 cwt (884,000) ; all other, $72,000. 


GUMS 

Gum Arabic or g;um acacia exudes from many plants, chiefly varieties of 
acacias growing throughout Australia, Asia, and Africa. As practically none of it 
comes from Arabia the term Arabic is unfortunate. The gum is essentially the 
calcium and potassium salts of arabic acid, and, by the addition of hydrochloric 
acid and alcohol to the aqueous solution of the gum, a fairly pure specimen of 
arabic acid may be obtained as a white amorphous mass to which the formula 
(CeHjo 05 ) 2 H 20 IS usually given. 

Different specimens of the gum vary considerably in colour, the palest fetching 
the highest prices. Good qualities require only one and a half times their weight 
of water to effect their complete solution into a sticky mucilage of great value to 
stationers. Boiling with dilute sulphunc acid converts it into galactose. 

When starch is gently warmed with dilute hydrochloric acid it yields a sticky fluid 
known as British Gum or Dextrine which is used as a substitute for gum arabic. 
It IS usually prepared commercially by moistening starch with 2 per cent, nitric 
acid, and, after allowing it to dry in the air, heating the product to 150* C. (See 
p. 184 for manufacture.) When boiled with dilute sulphuric acid it yields i-glucose. 

Gum Tragacanth is a different type of gum from the above, in that it is 
insoluble in cold water, and swells in hot water to a mucilaginous liquid that cannot 
be filtered. It is procured from several species of astiulagus — a group of trees 
growing on the east of the Mediterranean. 

Chicle is a Central American gum obtained from the white sap of gum-producing 
trees. It is first allowed to oxidise, then melted in a special rough oven of native 
manufacture, and the product so obtained is flavoured with brown sugar, coloured 
with stains, slightly flavoured with various flavouring materials, and then exported 
chiefly to America for use as a chewing gum. 
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Trag^asoL — This gum is very similar in all respects to the pharmaceutical gum 
tragacanth. It is mostly used as a binding matenal, and in America tragasol is 
often sold as Tragacanth. Said to be used fbr carrying colour. American import 
in 1910 was 1,183,000 lbs. (value $24,000). 

Gambier. — Gambier is an extract obtained from leaves and small branches 
which grow on the islands in the East Indies. In commerce it occurs in brown 
earthy masses, and is imported chiefly from Singapore. It is used in medicine as 
an astnngent, and is also employed by tanners and dyers. 


RESINS 

The resins in common use are more numerous than the gums. We shall deal 
with them here in alphabetical order 

Amber is one of the most highly prized and valuable resins, having been used 
from the earliest times for ornamental purposes. Amber is found on the shores 
of the Baltic Sea, and it is also dug out of beds or mines in Germany, Poland, and 
certain parts of America. It is occasionally found on the Norfolk coast in this 
country, and has been picked up as far north as Sandsend and Whitby in Yorkshire. 
Its occurrence on our coasts is, however, too uncertain to render a Bntish^ amber 
trade possible 

Amber is the resinous exudation of certain pine trees that existed ages ago, 
and are now probably extinct At one time it must have been soft and viscous, 
for the remains of insects and vegetable matter are frequently found embedded in 
It. The largest piece of amber on record is that number^ amongst the roya. 
jewels at Berlin in Germany, and weighs no less than 18 lbs 

As a varnish resin amber is very valuable, since it yields a varnish that offers 
a stout resistance to the action of the atmosphere Unfortunately, however, its 
expense prevents its being used as much as would otherwise be the case. 

It may be taken as an axiom that all good things are liable to unworthy imita- 
tion, and amber is no exception to the rule It is not infrequently adulterated 
with common rosin or colophony, and, in order to increase the deception, insects 
and organic matter are introduced into the mass Fortunately, however, adultera- 
tion of this kind is readily discovered m a vanety of ways. For example, whilst 
amber melts at about 600**615* F. (316**324* C.), the adulterated product has a 
much lower melting point. It is useful to remember that two pieces of genuine 
amber may be readily joined together after softening the ends in a solution of 
caustic potash, whereas no such fusion occurs with the fictitious product, or at 
any rate, only with difficulty 

The name Animi is given to a pale resin found in Zanzibar Like amber it is 
a fossil, being found embedded in the surface soil, covered with a reddish crust. 
When this is scraped off the characteristic “ goose skin ” appearance of the pure 
resin is laid bare. It is an excellent varnish resin, and is used in the manufacture 
of the best quality of coach varnishes 

A somewhat similar resin is collected by Arabs from certain trees direct, and 
goes by the name of “recent” or “virgin” animi It is inferior to the true or 
fossil animi, and finds application m the manufacture of poorer qualities of varnish. 

We have already had occasion to mention Benzoin, or “ gum Benjamin,” as 
it is frequently called, although, strictly speaking, it is not a gum. This resin is 
obtained from the Sfyrax benzoin^ a tree growing in Sumatra and neighbouring 
islands. The tree is cultivated from seed, and in about seven years’ time is ready 
for tapping. Each tree yields some 3 lbs. of crude resin annually, the product 
during the first few years being fragrant, soft, and pale. As the tree ages, however, 
the exudation becomes harder and too dark to be of service in varnish manufacture. 

The properties of benzoin are subject to considerable variation according to 
the districts from which it is obtained. Thus, the Siamese product is brittle and 
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possessed of the strongest odour ; whereas that from Sumatra is somewhat greyer 
in hue» less odoriferous, and assessed of a higher melting point 

Under the generic name Copal are included a large number of valuable varnish 
resins possessing a considerable vanety of properties. Thus, some are soft, like 
the Manilla copal ; others are hard and lustrous, the Sierra Leone and Pebble 
copals being cases in point ; Java copal has a milky appearance ; and so on. 
The bulk of the copals are obtained from Africa and America. 

The various resins known as Dammars are found in India and the East Indies. 
Batavian dammar is used in the manufacture of coach and cabinet varnishes. 
Other varieties are known as white, black| sal, and rock dammars respectively. 

An entirely'«difrerent kind of resin from any hitherto mentioned is that known 
as Dragon’s Blood, which is obtained from the dragon tree {Calamus draco) in 
Eastern Asia. To this end the fruit is allowed to ripen and the resin with which 
it is then covered is collected and cast into rolls approximately a foot long and an 
inch in diameter. As its name implies, it is possessed of a red hue, and is used in 
colouring or staining varnishes the same colour. 

The term Elemi is generic like copal and dammar. The most important 
resin of this group, known as Manilla elemi, is obtained from the Canartum 
communty a tree growing in the Philippine Islands. It finds application m the 
manufacture of varnish as a toughener. 

Gamboge is obtained from the bruised leaves of a Siamese tree known as 
Garcinta morella. It is soluble in alcohol, and when taken as a medicine exerts 
a drastic purgative action upon the system. Like dragon’s blood it is used for 
colouring varnishes, and water-colour artists employ it as a pigment. 

Gum Accroides is the resinous secretion of certain Australian trees, and finds 
application in the manufacture of dark gold lacquers and yellow varnishes. The 
prefix “gum ” is a misnomer. 

One of the palest and most important of the New Zealand resins is known as 
Kauri, Kowrie, or Cowrie — a fossil occurring in the soil at various depths 
below the surface. It may also be obtained direct from living trees upon incision. 
In order to distinguish between the two varieties the latter is usually termed 
“ young ” kaun. 

Of all the known resins, Lac* is one of the most useful. It has been known 
for centuries, and the lac industry is one of great imixirtance, so much so that in 
1907-08 the total export from India was valued at Lac differs from 

the resins hitherto described in that it is not the ordinary secretion of a tree or 
group of trees, but is produced by small insects known as Tachardia lacca, which 
feed upon the trees and excrete the lac. No fewer than eighty-seven different 
species of tree are known in India upon which the lac insect grows wild. When 
in the larval or caterpillar stage, colonies of these insects puncture the bark of the 
tree and suck up the sap, excreting a resinous mass which forms a light yellow 
encrustation round their ladies. After a few weeks the larvse have developed into 
perfect Insects, both male and female, the latter greatly preponderating m point 
of numbers. After impregnation the females become distended with a red liquid 
known as lac dye. The lac is now collected, the twigs upon which the colonies 
had collected TOing broken off by the natives and termed stick lac. This is 
crushed and washed, whereby the bits of wood are separated, and the product is 
known as seed lac. Further washing removes the dye, which is a marketable 
product, and the lac is melted and ladled on to a revolving cylinder whereby it 
solidifies in the form of thin fiakes of shellac. Sometimes it is allowed to solidify 
in thicker discs and finds its way into the market as button lac. The terms 
lemon lac, orange lac, and garnet lac refer to the colour of the product, and 
this is determined to some extent upon the tree from which it has been obtained. 
White shellac or bleached lac is the ordinary shellac which has been bleached. 


* These remarks on lac have been called from the interesting paper entitled ^'Tedinical Kola 
on Lac,” read by A F. Suter on ilth March 1909 before the Famt and Vamidi Society. 
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Shellac is used largely in electrical work as an insulating material It is also 
valuable for the preparation of knotting, varnish, etc. 

Mastic is the exudation of the lentisc tree which flourishes by the Mediter- 
ranean. It is used in the preparation of picture varnish, and this, when mixed 
with linseed oil, constitutes megilp. 

Hitherto we have used the word resin in a generic sense. Sometimes it is 
employed — but quite wrongly — ^to indicate the solid residue left behind in the 
stills after the extraction of the turpentine from the crude resinous exudation of 
the pine trees in France, America, and Russia. This product is really rosin, also 
known as colophony. 

The best qualities of rosin are pale or amber coloured, and are used in making 
finish” and the cheaper qualities of varnish. (See under Turpentine 
Industry.) 

The last resin to be considered is Gum Juniper or Sandarac, which is obtained 
from certain North African trees. It is used in the manufacture of both spirit and 
oil varnishes, but in the latter case it must be first fused to render it soluble in the 
linseed oil. 

For artificial resins see p. 211. 

Identification of Gums and Resins 

From a chemical point of view, gams, and particularly the resins, are extremely complex, so that 
an analysis in the ordinaiy sense of the term is not possible When heated the gums <^ar and 
the resins readily bum with a lummous, smoky flame, showing the presence of a considerable 
quantity of carbon. If, therefore, we wish to identify the substances we shall have to judge usually 
by the cumulative evidence of a series of tests. These may be conducted as follows : * — 

1. The Appearance. — Dragon’s blood, gamboge, and the lacs may be distinguished by their 
colour Mastic is usually in the form of small tears of a pale yellow hue, which soften when placed 
m the mouth. This enables us to distinguish it from sandarac, the only other resm with which it 
is likely to be confused. The ** goose skm” sur&ce of animi and the pebbles of pebble copal are 
distmctive, as is also the odour of benzom Gum acacia may be recognised by its taste and its 
resinous appearance, and gum tragacanth by its peculiar flakes. 

2 . The Specific Gravity. — This usually vanes withm narrow limits only. Care must be 
taken, however, to use only such speamens as are free from air bubbles, otherwise too low a value 
will be obtained (see table, p 350). 

3. The Meltmg Point — The appearance of the ^m or resin during the whole process of 
heating should be noted, as this is frequently characteristic. Many resins have no definite melting 
point (see table, p. 350). 

4. Behaviour towards various Solvents. — This is most conveniently ascertained by shaking 
up a small portion of the resin with a httle of the solvent in a tube, wanning if necessary. 

{a) Water — Gum acacia and British gum dissolve in both hot and cold water Gum tragacanth 
swells in hot water only, and rosin forms a semi-fluid mass. Elemi, dammar, shellac, and mastic 
become sticky m hot water, but amber, copal, and sandarac remam unchanged. 

{b) Caustic Soda. — Amber softens and its ends can be fused together. Rosin partially dissolves. 
Shells and the gums readily dissolve 

(r) Ammonia. — Rosm and gamboge dissolve at once Copal, mastic, and sandarac soften and 
slowly dissolve. Amber, dammar, elemi, and shellac are unaffected. 

(<0 Sulphuric Acid. — The gums yield sugars on boiling with the dilute acid. All the resms 
dissolve m concentrated sulphunc aad, yieldu^ a dark brown solution, save dammar and benzom 
which usually afford a reddish hue. 

{e) Curbon Bbulphido.— Dammar and rosin dissolve with ease. Elemi, mastic, and sandarac 
dissolve slowly. Copal usually softens, but amber and shellac do not dissolve. 

(/) Botlini^ Unsoed OiL^Amber and copal are indifferent. Elemi, sandarac, and shellac 
dissolve slowly. Dammar, mastic, and rosm readily dissolve. 


* It is here assumed, of course* that the gum or resm to be examined is one of those commonly 

occurring on the market and d^cribed in the preceding pages. It is usually exceedingly difitcult 
and often impossil^e to identify with certamty tne rarer sp^mens. 
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Table of the Specific Gravities and Melting Points of the Resins * 


Name of Resin. 

Specific 

Gravity. 

Melting 
Point, • F. 

Melting 
Point, ® C. 

Amber • 




0 98-1.20 

600-615 

316-3*4 

Animi 




1. 04- 1. 07 

450-465 

232-241 

Asphaltum — lake 




138 

189-210 

87-99 

„ land 




1-43 

210-255 

99.124 

Benzoin — Borneo 




1.16-1 17 

1 70-2 1 2 

77-100 

„ Penang - 




I 14-1 16 

170-212 

77-100 

„ Siam « 




1.24 

I7O-212 

77-100 

Copal— Angola 




I 06 

„ Demerara - 




1.03 

450-465 

232-241 

„ Java . 




1.03- 1 04 

347 

175 

„ Manilla 




I 06 

230-250 

110-121 

„ Pebble 




I-05S 


„ Sierra Leone 




1 054 

400 

204 

Dammar — Batavian - 




1.06 

260-300 

127-149 

„ Black 




1.09 


,, Sal - 




I lo-i 12 



„ Singapore 

Dragon’s blood 




I o6-i 12 

I 20 

260-300 

248 

127. 149 

120 

Elemi 




1 02 

170-250 

77-121 

Gamboge 




I 03 

Gum accroides - 




1 20 



ICaun - - . 




I 05 

360-450 

182-232 

Lac . - - 




I 10- 1 20 


Mastic - - . 




I 06 

221-248 

105- 120 

Rosin . - . 




I 04-1 10 

II7-2I2 

47-100 

Sandarac - - . 




I 04 

300 

149 


* This table is compiled by kind permission of Messrs Longmans & Co from Friend’s ** Intro- 
dnction, etc.,” p 176 

{g) Turpentine — ^Ambcr, shellac, and the gums are insoluble Benzoin partially dissolves* 
Elemi, mastic, rosm, and sandarac dissolve easily 

(h) Alcohol. — Amber and the gums are insoluble. Dammar may partly dissolve, and copal 
becomes softened. Elemi dissolves with difficulty. Benzoin, gamboge, mastic, rosin, sandarac, 
and shellac readily dissolve 

(f) Benzene — ^Amber, copal, shellac, and the ^ms are indifferent Elemi and sandarac 
dissolve, but less readily than dammar, mastic, and rosin 

In applymg these tests, however, it must be borne m mind that different samples of the same 
^ms and resins are liable to show irregularities and slight variations in their properties, so that 
due care must be taken before conclusions are drawn. 
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THE RUBBER INDUSTRY 

I.— NATURAL RUBBER, GUTTA-PERCHA, 

AND BA LATA 

ij^or Synthetic Rubber^ see /. 366) 

By a. J. Carrier, B.Sc. 
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INDIA-RUBBER 

General. — Indiarubber is nearly 
always obtained, in the first instance, 
as a milk (latex) which exists in the 
form of a negative emulsion (/>., the 
drops of rubber carry a negative 
charge) between the outer bark and 
the cambium, and which is coagu 
lated and, if obtained from a planta- 
tion, washed and dried. This 
i)roduct is exported, and is subjected 
by the rubber manufacturer to a 
series of processes comprising further 
washing and drying, the “crepe” 
obtained being rendered plastic by 
heating and kneading (mastication) 

[)rior to adding vulcanising and other 

ingredients, where necessary. The Fig. 155.— Para Rubber Tree Thirty Years 

mixture is now moulded by rolling, if Old, showing Full Herring-Bone Tap- 

for sheets, or into other forms, and is ping, Botanic Gardens, Singapore. (By 

vulcanised. I'his isthc provX'ss usually kind permission of the Malay States 

emplo)\ (l lor “ luechanicar' goods. Development Agency, London.) 
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Sources of Rubber 

(a) Ettphorbiaceae---(l) Hevea, About 6o per cent of the total output of rubber is obtained 
from the Hevea braztltensts of Para, Amazonas, and Brazil, which is the tree almost always grown 
on the Eastern plantations It grows to a height of loo ft., with a diameter up to 40 in. (2) 
Manihot (Brazil). The native allows the latex to coagulate naturally as it flows down the tree — 
it yields Manitoba or Ceara scraps. (3) Saptum (Colombia) yields Colombia, Virgin, and 
Carthagena scraps. (4) Urcandras (Upper Amazon), mixed with Negro-heads, etc , from Para. 

{h) Apocynaceae — (i) Funtumta (tropical Africa), gives a rubber of high quality, known as 
Gold Coast Lumps, Ivory Coast Lumps, Niger Niggers, etc. (2) Landolphta^ or Vine Rubbers 
(Congo, etc.) Best known brands are Red and Black Kassai, Upper Congo balls, Equateur, 
Madagascars (such as Virgin sheets, Pinky), and Sierra Leone N^gers. (3) Chtandra (Gold 
Coast and Congo) (4) Hancomta (Brazil), yields Mangobeira (5) Dyera yields Jclutong, of 
which Palembang and Pontianac, or Dead Borneo, are the best known brands. 

(f) U^careae — (i) Ftcus^ of which Ficus elastica or Rambong (Burmah, Ceylon, Malaya, 
Java, India, etc ), is the best known, and which yields brands known as Assam, Rangoon, Java, 
and Penang (2) CastiUoa (Mexico, Central America, etc.), yields Peruvian *‘Cancho,” Cancho 
Negro, Mexican Strips, Centrals. 

(d) Compositae — Parthentum ArgentcUum Gray, a shrub, yields Guayule. 

From the latex of any of these species it is possible to prepare a dry rubber containing from i 5 
to 3 per cent, of resin for Hevea, Castilloa, and Mamhot, and 5 to 7 per cent for Ficus, Funtumta, 
and the better Landolphtas, and not more than 3 to 5 per cent jointly of ash, proteid, and other 
substances However, many raw rubbers as imported contain admixed earth, l^rk, stones, etc. 

It IS doubtful whether any rubber is better suited for tyre covers and other articles subjected 
to shearing stnuns than Manihot and Funtumta elastua 

One system of ** tapping” or obtaining latex, in use on Para plantations, is 
illustrated in Fig 155, and consists in paring away, daily or on alternate days, 
a narrow strip of bark along the lower sides of a series of slanting cuts leading into 
a central cut, at the bottom of which a cup for receiving the latex is placed. When 
the bark has been removed over a sufficiently wide area, the tree is allowed a rest 
of some three or four years The most general system of tapping is the “hall 
herring-bone ” The Hevea tree gives, per annum, some 2 to 3 lbs of rubber for 
150 to 160 tappings, the Castilloa^ i lb for 4 to 5 tappings, 

Hevea trees should be over five years old before they are worked for rubber In the case of 
smaller rubber shrubs, such as guayule, where tapping is inapphcable, the rubber is obtained bv 
extracting with solvents or by mechanical processes in which the shrubs or the nch bark are pulpea, 
and the pulp run into settling tanks ; the rubber and a portion of the bark float on the surface. 
Guignet’s process, which depends upon mechanical attntion and agglomeration of the rubber by 
friction, IS described in British Patent Specifications, Nos. 18,375, 1910, and 9,064, 1909.* 

Nature of Latex — Latex consists of a fluid in which globular-shaped particles are suspended. 
These particles show typical “ Brownian” movement, and wander to the anode if an clcctnc current 
be passed through the latex, which may, therefore, be looked upon as a negative colloidal emulsion. 
This Brownian movement may be modified or caused to cease entirely by the addition of certain 
reagents, dilution, boihng, or by the electric current. Rubber latices contain, in addition to rubber, 
water, resins, proteid, mineral matter, peptones, sugars, simple albane-like oxygen derivatives, and 
vanous enzymes, such as oxydase, peroxyaase, and catalase. 

The following analyses give the composition of latex — 



Seligmann 

Scott 

Bamber 


Per Cent 

Per Cent 

Per Cent, 

Water 

55-56 

52-32 

55 15 

Rubber i 

32 

37-43 

41 29 

Protein and albumen 

2-3 

2.71 

2.18 

Resin 


344 

, 

Ashes (mmeral substances) .... 

■■■ 

023 

0.41 

Sugar 


4.17 

0.36 

Oil 

n 

traces 

... 


See also Patent Specifications, No. 23,682, 1912. 
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Coagulation. — i. The old process of coagulating by smoking on “paddles/^ 
still carried on in the Amazon district in the production of “ fine Para,” is as follows 
A fire producing dense smoke is made from Urucuri nuts, palm leaves, etc. ; the 
paddle, after being coated with latex, is supported on a bar over, but not too near, 
the fire, and is rotated by hand until coagulation occurs. This process is repeated 
to build up a succession of films forming a ball of the desired size. 

Various forms of apparatus for more efficient smoking have been recently suggested ; the essential 

E oinls of which depend upon producing the smoke in an enclosed furnace, cleaning it by means of 
affies, screens, etc., and then bubbling it with steam (Da Costa system) through the latex, or passing 
it over thin films of the latter upon travelling bands or rotating cylinders in closed chambers.* It remains 
to l)-‘ seen, however, if these processes will result in such an excellent product as is “fine Para.” 



Pig. 156. — rianiatiun Washing Machines. 

2. Coagulation is also effected by means of acetic acid (practically the only 
method employed on plantations), sulphuric, and hydrofluoric acids, alcohol, etc., 
or simply by exposure to air. The use of hydrofluoric acid (J per cent, solution) — 
which also serves as a disinfectant — is extending, the best known preparation being 
“ Purub,” t which has been successfully used in Africa with Funtumia latex. 

3. Centrifugal machines have also been successfully used, the minute drops of 
rubber suspended in the latex being forced together as a soft mass on the circum- 

* See, for example, Patent Specifications, Nos. 7,371, 1907 ; 3,703, 1913; 894, 1913 ; 23,219, 
1912; 20,049, 1912; 27,666, 1911; 27,424, 1911; i9>784i 19”; I3»823, 1911 ; 24,325, 1910; 
21,634, 1910; 19,730, 1910. 

t See Patent Specification, No. 10,848, a.d. 1907. 
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ference of the rotating drum by centrifugal force, the clear rubber-free liquid being 
left in the centre.* 

4, A continuous electrolytic method and apparatus has been proposed, depen- 
dent upon the “ Brownian ” movement, for separating caoutchouc from latex.f The 
fine drops of rubber which carry negative charges collect on an endless moving 
anode, upon which the latter is poured, and from which the coagulated rubber is 
continuously removed 

Fiintumia and some other latices may be coagulated merely by heating to lOO*" C. 

Caslalloa is best coagulated by “creaming, a process in which water is added and a cream 
collects upon the surface. 

Negro-heads result by pressing together the scraps of prematurely coagulated rubber found on 
the tree, or in the collecting or coagulating vessels 

Premature coagulating dunng transport from the trees to the factory is usually prevented by 
addition of water, and occasionally formalin, ammonia, etc 

Washing^ and Drying^. — (i) On the Plantation Chemically coagulated 
plantation rubber, after being removed from the watery liquid upon which it is 
found floating, is passed through washing rolls somewhat similar to those shown 
in Fig 158 (see p. 358) in order to remove mother liquor„ etc 

It is advisable to employ a battery of three washing machines, No. i running at differential 
speeds and set wide. No 2 differential and set close, and No 3 at equal speeds, plain, and set close 
The smoked sheet seems to be improved by being pressed into blocks The resulting sheets are 
hung up to dry, usually in well-ventilated corrugated-iron buildings containing drying racks or 
battens for hanging the sheets over In the most recent practice the rubber is placed upon steam- 
heated grid coils in a vacuum chamber or stove, but, as a general rule, artificial heating is avoided, 
because, if not carefully done, tackiness results. Dunng the drying operation the sheets, or erSpe, 
of a creamy or pale yellow colour, are subjected to a “curing” or preserving treatment by smoking, 
and are then ready for export It should be remembered that the term “ curing ” is also used 
synonymously with coagulating and with vulcanising 

(2) In the Factory, Fine Para “negro-heads,” “biscuits,” “worm,” and other 
imported non-plantation rubbers usually contain woody fibre, sand, and other 
mechanical impunties, in addition to resins, proteids, etc. In order to remove 
sugar, dirt, and bark, the rubber, after being steeped some hours in water, is 
passed a number of times between rollers (Fig 158) rotating at different speeds, 
and IS simultaneously subjected to the action of warm water 

Fig 158 shows a modern electrically-dnven washer. In a still later form the “nip” of the 
rolls is adjusted and aligned by a single hand-wheel, through a clutch and cross shaft X supplied 
from above In order to expose the maximum surface to the action of the water, the rollers are 
usuall> diamond cut, or corrugated. 

Factory Drying Processes are similar to those used on the plantation The cleaned sheet 
is dried on racks, or if of a low grade, 1 ^ , if it contains much resin, on canvas-covered frames, over 
which a current of warm air is passed The loss of weight occasioned by the combined washing 
and drying treatments is known as the “washing loss ” In the case of “ fine Para” this amounts 
to 12 to 20 per cent , and in the case of “ Ne^ro-heads ” is sometimes as high as 40 per cent 

The dry rubber is now ready for mastication or for mixing, which processes are described later 

Jelutong; IS subjected to a different treatment. This gum in its crude state, 
as obtained after coagulation, contains some 10 per cent of rubber, 60 to 70 per 
cent of water, the remainder being chiefly resin, and was originally looked upon as 
a low grade rubber A high grade rubber is now obtained from it by deresinating 
the washed gum, and it is often imported as dried and smoked cr^pe 

Constitution and Properties of Caoutchouc. —Caoutchouc consists of 
a highly polymerised hydrocarbon of formula mixed with some resin, 

proteid, mineral matter, etc. 

According to Harries % it contains an eight-ringed carbon chain, thus — 

/CHg C— CHg— CH2— CH X 

\ H— <!— CHg— CH,— (! Cll/n 

He bases this conclusion on the fact that he succeeded in combining the rubber molecule with 

* See Patent Specifications, Nos 330, a.d. 1905, and 7,433, ^ 9^9 

t See Patent Specifications, Nos. 21,441, a.d. 1908, and 5,854, a d 1910 

$ See Patent Specification, 28,781, X911. 

§ See Harfies, “ Ber 37 (1904), 2,708 ; 38 (1905), i,i 95 » I»I9S, 3 » 98 S» 3»989 
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ozone, thus producing the ozonide CjoH, 5(03)3, which with water split up into laevulinic aldehyde 
and a superoxide of laevulinic aldehyde 

0» + H3O 

CH3.C~CH2-CH2~CH 2CH3.CO.CH2.CH2.CHO 


n«.c_CH.2 — ch.,-c.ch3 

Caoutch me. 


Laevulinic aldehyde. 


26 
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Rubber when hydrolysed yields ozonides, laevulinic acid, and laevulinic aide* 
hyde. A current of air passed through a warm benzine solution yields CjoH^qO 
and CioHjgOg. Cl and I acting on a CHClg solution yield C10H14CI8 and CioHj^Ig 
respectively, but it is doubtful whether these are definite compounds. Bromine 
derivatives are Various nitrosite and nitrosate compounds 



have been prepared ; for example, with nitrous acid caoutchouc in benzine solution 
forms a yellow nitrosite, CjoHj^NgO^. When distilled, caoutchouc yields a mixture 
of isoprene (C^Hg or CH2 = C(CHg)- CH = CH2), B.P. 37” C., and dipentene, 
CioHjq, B.P. 171** C. And conversely caoutchouc may be artificially produced 
by the polymerisation of isoprene, which has been industrially produced on the 
large scale for the manufacture of synthetic rubber. 

According to Harries, caoutchouc is produced by the condensation ol pentose sugars contained 
in the plant, just as starch and cellulose are produced from the condensation of hexose sugars. In 
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Other words, rubber is a multiple of the hcmiterpene group, CbH«, just as cellulose and starch are 
multiples of the hexose groups, QHioOg Harries showed that Para rubber exists in three forms, 
an oily, the ordinary soluble form, and an insoluble modification 

Under ordinary pressures fine Para melts about i88“ C to a gummy mass, 
simultaneously undergoing decomposition as does vulcanised rubber when melted 
Under high pressure, however, and in the absence of air, vulcanised rubber may be 
melted to a fluid mass and heated to higher temperatures than 400° F without 
decomposition or loss of elasticity on cooling Advantage is taken of this fact 
in the regeneration of rubber (see later) Unvulcanised caoutchouc is characterised 
'first by Its extraordinary elasticity at i5‘‘-2o‘’ C, and secondly, by its plasticity at 
50” C , so that when warmed it can be pressed into any shape and intimately 
mixed by kneading with other substances At 0° C it becomes hard Freshly 
cut surfaces of unvulcanised rubber may be made to adhere to one another at 
ordinary temperatures without using a solvent The specific gravity of latex is 
about 0976, of freshly coagulated rubber, which shows a reticulated structure, 
about o 91 o 926 Raw rubber absorbs water and increases in volume 

‘‘Tackiness” m raw rubber is an abnormal condition The following causes have been 
observed or suggested Sunlight, heat, bacteria, enzymes, faulty coagulation, small quantities of 
specific chemical substances, absence of moisture, and the presence of excessive moisture 

Vulcanised as compared with raw rubber is stronger, more resilient, more elastic, more stable 
towards actinic rays, solvents, and reagents, less changeable under variations of temperature, ^ ^ , it 
does not harden on moderate cooling, or soften under moderate heating, and is not adhesive It is 
only slightly attacked by alkalies or dilute acids, unless, of course, it contains fillers which are acted 
upon by these reagents , cone H2SO4, or HNO-i, and oils readily attack it 

The perishing* of rubber, which is hastened by exposure to strong light and warmth (say 
50®-70® C ), IS usually due to oxidation, which results in the formation of resinous compounds and 
traces of sulphuric acid, and to faulty curing resulting in “ after vulcanisation ” if an excess of 
free sulphur be present It has recently been shown that soft rubber changes but slightly if kept 
in the dark at ordinary temperatures, whether wet or dry The effect of light on rubber is of great 
importance in connection with balloon fabiics V Henri, as the result of recent experiments, came 
to the conclusions that crude rubber should not be used m balloon work, and that the cloth employed 
and the rubber should be coloured with an ultra violet screen, such as chrome yellow A high 
grade soft rubber breaks at about ten times its original length, and the load at breaking will lie 
about 10 tons to the square inch, t e , since rubber is practically incompressible, i ton to the square 
inch of the original section A well made rubber bufier may be compressed many thousand times 
to about one third Ps original thickness without lasting effect 

The extension curve of a good rubber shows a revcisal of sign, usually at double the original 
length, accompanied by a flattening of the curve 

Solvents for Rubber. — Un vulcanised rubber swells up, however, when mixed 
with solvent naphtha, benzol, ben/ine, carbon bisulphide, carbon tetrachloride, 
chloroform, petroleum-ether, benzaldehyde, camphene, oil of turpentine, caout- 
choucine (dipentene), etc , and forms what may be termed “ colloidal solutions,” as 
distinguished from true solution — the rubber having a sponge or foam-hke structure, 
and the solvent, diffusing in by osmose between the walls, distends the rubber net- 
work into what we call a “ solution ” A solution is more easily obtained by treating 
the rubber immediately after mastication 

Spence and Kratz {A'oliotd Zettschuft, xiv , p 262, 1914) found that the addition of small 
quantities of some acids greatly facilitates the solution of raw rubber, thus with the addition of 
o 3 o 5 g of CCI3 COOH, 100 g of dry washed rubber could be dissolved in 1,000 c c of QHg 
in the cold in forty eight hours 

Patents cover the production of non-mflammable solutions by using carbon 
tetrachloride, dichlor-methane, tri- and tetra-chlor ethane or tn-chlor benzol 
Acetone and alcohol do not dissolve rubber 

Hot Vulcanisation — Without vulcanisation it is doubtful whether there 
would be a rubber industry worthy of the name The hot process, discovered by 
Goodyear m 1839, depends essentially upon mixing raw rubber, as described later, 
with 8-10 per cent, of sulphur, or with SbgS^ if it is not to be used for cut sheet, 


* W O Ostwald and Walter Oswald (Patent Specification, 10,361, 1910) claim a process for 
regulating the changes produced by auto-oxidation and polymerisation in rubber, etc , by treating 
It with neutral and liasic aromatic nitrogen compounds, or neutral and basic heterocyclic substances 
.or alkaloids (see p. 361, “Accelerators”). 



360 


INDUSTRIAL CHEMISTRY 



elastic threads, etc., with fillers, etc., and heating under pressure to i3o"-i4o“ C. for 
2-3 hours. The rise of temperature should be slow, occupying from A-J hour. As a 
general rule the degree of vulcanisation is increased {a) by prolonging the time of cure; 
{b) by raising the temperature ; and {c) by increasing the amount of vulcanising agent. 

Hot vulcanisation yields best re- 
sults when the goods are under high 
pressure, which is obtained either in 
presses or by wrapping tightly with 
fabric, e.g,^ for curing hose and tyres. 
In the open or steam cure live steam 
is admitted into a kind of autoclave 
(Figs. 159 and 160), into which the 
goods, wrapped with canvas or in 
moulds, are placed ; the vulcanis- 
ing chamber is sometimes steam- 
jacketed. Press-curing is carried on 
between the steam-heated platens of 
hydraulic presses. This process has 
the advantage of high pressure, but 
the upper and lower platens being 
at different temperatures, the pro- 
ducts are not uniform. In recent 
years the presses have been fitted 
with chambers into which the lower 
platens are raised, thus combining 
the advantages of the live steam 
and press cures. Continuous pro- 
cesses . — In order to enable great 
1 lengths of cable, hose, and proofed 

u.. 159. u caniJicr osc . fabrics to be cured uniformly, they 

are passed at a regulatible speed through a steam-jacketed or otherwise heated 
chamber. The hot air process is applicable to other classes of goods, but is seldom 
used with proofed cloth. 



i i(... ioo. — V uiiuiiisci ilpcn. (David Bridge, Manchcslci.) 

Vulcanite, Hbonite, and Hard Rubber are produced by employing a con- 
siderable excess of sulphur, say 40 per cent., and by extending the vulcanising 
operation over 6 hours. Such hard sorts of rubber are used for making combs, 
handles, etc., and in the electrical industry as an insulating material. It should be 
unacted upon by acids and alkalies. 

Cold Vulcanisation, discovered by Alexander Parkes in 1846, and applied 
more particularly to proofed cloth, is brought about by means of a 2-3 per cent, 
solution of sulphide chloride in CS2. This process is not applicable to thick goods. 
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The rubber mixing, which is conducted m the usual manner, as described later, 
but without the addition of sulphur, is rolled out into a sheet and dissolved m 
naphtha. The swollen dough, rendered homogeneous by being worked between 
rolls, IS spread upon the cloth in the machine shown m Fig 162 The fabric is 
placed on a roller, as shown at the right hand of the figure, then it is passed over 
the upper roller, above which is situated a doctor for adjusting the thickness of the 
layer, and in front of the doctor the dough In its passage over the steam-heated 
table B, the fabric is freed from solvent. As a general rule a number of layers are 
applied. The fabric is now conveyed to another machine, upon which it is cured 
by unwinding it from one roller and winding it upon another, by allowing it in its 
passage to contact with a third roller dipping into the sulphur chloride bath 

Peachey Process of Cold Vulcanisation (see English Patent 129,826, 
1918) — The process consists of treating rubber with sulphur dioxide gas and 
hydrogen sulphide gas. These two react, producing nascent sulphur, thus — 

802 4 - 21128 = 21120 + 38. 

The nascent sulphur then unites with the rubber at ordinary atmospheric tem- 
perature, thus bringing about effective vulcanisation 

Rubber sheet, either dry or wetted with benzene, may be submitted successively, 
and, if necessary, repeatedly, to atmospheres containing sulphur dioxide and 
hydrogen sulphide respectively , or the gases may be applied successively to 
ordinary rubber solution. In the latter case the solution rapidly becomes more 
viscous, and ultimately forms a jelly, which is no longer soluble in the solvent 

In English Patent 136,716, 1919, Peachey suggests accelerating the action by 
adding o 5 per cent of nitrosobenzene or other nitroso compound As this 
process is a cold one and does not involve the use of sulphur chloride, it renders 
possible the use of a large variety of organic filling and colouring agents, most of 
which are unaffected by exposure to sulphur dioxide and hydrogen sulphide. 

By means of this process rubber can be used as a binding agent for materials 
such as cork dust and wood meal, the mixings being sheeted and vulcanised, form- 
ing a cheap and excellent floor covering Leather waste can similarly be converted 
into reformed leather suitable for use in the manufacture of boots, shoes, and 
upholstery Shoddy waste yields a felt-like material It can be applied to dissolved 
rubber, and gives good results for repair work 

A factory is equipped for working this process at Willesden, London, and the 
machinery therefor was constructed by l^avid Bridge & Co , of Castleton, near 
Manchester 

Accelerators — 8ome substances when introduced into rubber mixings considerably shorten 
the time required for vulcanisation, hence they are called accelerators 

The more important inorganic compounds are PbO, CaO, MgO, and 8b2Sa, and soft resinous 
rubbers, which cannot be properly vulcanised when mixed with 8 alone, can be cured >Mth the aid of 
these accelerators 

Esch and Seidl have shown that PbO stimulates the reaction between the 8 and the rubber resin, 
which is accompanied by the evolution of much heat 

Bayer & Co have recently patented (English Patents, 11,530, 1913 , 11,615, 1913) a number of 
organic nitrogen compounds as accelerators, including piperidine, methyl piperidine, piperidyl-ditho- 
carbamic-acid-piperidine, monopiperidylurea, tetramethylcne-diamine, and pentamethylene-diamine, 
smill quantities of which (J i per cent ) are introduced into the rubber mixing 

Theory of Vulcanisation — Hot — Weber concluded from his experiments that direct addition 
results in the formation of compounds varying from (CioHie)iQS2 to CioHi6S2, but this is very 
doubtful Erdmann (Liebig’s Annalen^ 1908, 362, p 133) assumes the formation of thiozonides 
corresponding with the ozonidcs Hubener (j S C T ^ 1910, p 289) concludes that mono- and 
disulphides are formed. Bysow assumes that in the primary stage mere physical absorption occurs 
Cold — The earlier experiments of Hennques and Weber led them to assume the formation of 
direct addition products, according to Weber varying from (CioHig)2482Cl2 to (CioHiq82C12)24 
Hmrtchsen assumes the formation of a body, (CjoH2rt)2S2Cl2, which forms a solid solution with the 
rubber, this solid solution containing varying quantities of absorbent “free sulphur ” Wo Ostwald 
has recently propounded a theory of both hot and cold vulcanisation to the effect that colloidal 
absorption occurs and not chemical reaction, but this seems to be disproved by the experiments 
of Alexandc} , who has shown that the tetrabromide and nitrosite derivatives obtained by precipita- 
tion from solutions of vulcanised rubber contain all the 8 of vulcanisation. 
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Fig, i6i. — Grinder and Mixer. (David Bridge & Co., Castle on, Manchester.) 


Manufacture of Rubber Goods.— For certain classes of goods, 
such as cut sheet and elastic thread, sulphur is the only ingredient added, but in 
general other additions are made, sometimes to the extent of 75 per cent., viz., 
fillers^ such as factis, or “oil substitute” (see under rubber substitutes), zinc oxide, 
chalk, rubber waste, etc. ; pigments^ such as “ golden ” sulphide (antimony sulphide), 

B B li A 



Fig. 162, — Spreading Machine (for garment cloth, card clothing, 
fine sheet, waterproofing, etc. ). 
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lithophone, cinnabar, etc. ; for toughening^ balata, magnesia, iron oxide, kaolin, etc. ; 
for closing pores, bituminous substances, etc. The mixing machine (Fig. 161), 
resembles the washer already described. The rolls are smooth and hollow for 
receiving steam or cold water supplied to trunnions through pipes, A, B, and are 
run at differential speeds. The raw rubber sheet which has been washed and dried 
in the factory as described above, is rendered plastic at about 50“ C. by being 
passed a number of times {masticating) through the heated rolls of the mixer, 
gradually closing the “nip,” the fillers, etc., are then sprinkled on a little at a time. 

Calendering. — When a homogeneous sheet has been obtained it is usually 
taken direct to the calender (Fig. 163), the bowls of which must be truly turned, are 
very heavy and are also steam-heated. For the production of ordinary sheet 



Fig. 163. — i’liroc-Uowl CaitMider. 


(i mm.- 1 cm. thick) the bowls run at even speed, and the dough is placed in 
the nip of the two upper bowls. The rotation of the bowls carries it round as 
a thin sheet to the lower nip, where it is transferred to a cloth which passes between 
the lower bowls and is wound upon a roller shown in front of Fig. 163, the cloth 
preventing adjacent layers from cohering. After an interval of rest the sheet is 
vulcanised. The process of building articles from calendered 'sheets is termed 
making upf and requires great skill. 

Cut sheet, which is gradually being displaced by calendered sheet, is 
employed for tobacco-pouches, etc. The washed and dried rubber is thoroughly 
masticated, pressed into blocks, frozen in refrigerating chambers, and cut into 
sheets. 

Elastic thread is cut from calendered or spread sheet, rolled with a fabric 
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into a cylinder after dusting with French chalk, vulcanised, unrolled, coated with 
shellac solution, wound on a roller, and cut into thread. 

Forcing or Squirting solid tyres, inner tubes of tyres, tubing, etc., is done 
in the extension press shown in Fig. 164. The warm rubber mixing is fed through 
a hopper fitted with an automatic roller-feed to a steam-jacketed Archimedean screw, 
rotated by the gear shown on the left, and is forced through the die shown on the 
right. This die is provided with a central spike for generating the hollow in tubes, 
or with a wire to serve as a core in solid tyres. 

Tyre covers are usually made up by hand upon a mandrel from proofed 



Fig. 164. — Forcing IMadiinc (extrusion). 


canvas and calendered sheet ; tyre-tubes and other tubing by building up calendered 
sheet cut to the desired width; hose by building up the cheaper grades by 
lapping on a mandrel, and by other methods; direct moulding, stamping from 
calendered sheet, or cutting from cylinders are also used for some kinds of goods. 

De-vulcanisation and Re-manufacture of Rubber 

In the “reclaiming” of waste the fibre is usually removed by means of alkali or 
sulphuric acid, the S by treatment with alkalis, thiosulphate, etc. It has been 
claimed that some processes remove combined as well as free sulphur. Waste 
rubber has also been dissolved under pressure in benzine, etc., and utilised in the 
form of a solution. It is often ground up and used as a filler with raw rubber. 
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Of late years a new and valuable process, patented by Thomas Gare (Patent 
Specification, 12,454, ad, 1906), and modified by Hyatt, Immisch, and others, as 
described in later specifications, has been invented, by which it is claimed that 
old and worn rubber articles can be “ reformed and made as good as new without 
any addition The process depends upon subjecting the rubber, preferably finely 
ground, to the action of high pressures, so as to exclude all air from the interstices, 
and then, whilst the rubber is still under pressure, subjecting it to temperatures 
above that of vulcanisation In this process no attempt is made to remove the 
sulphur. The process depends upon the fact that, when air is excluded, rubber 
can be*subjected to a high temperature, and can even be melted, without destroying 
Its elasticity and compressibility, so long as it is allowed to cool without access of air 

Rubber Substitutes. — Many substitutes for rubber have been proposed 
The chief depend upon producing from oils, more particularly drying oils, such as 
linseed oil, an elastic mass by “ vulcanising ” with S (“ brown substitute ”), SgClj 
(‘‘white substitute’^), or SbgS^ (“red substitute”) These products are known as 
oil rubber, factis, or white or red substitutes They are chiefly valuable as 
cheapening additions for raw rubber. 

Brown Factice is usually made by heating together rape oil and sulphur , White Factice by 
vulcanising castor oil with sulphur chloride, S2CI2 

Mixtures of glue or gelatine, and glycerin, oils, or other softening agents, after 
treatment with tannic acid, chromates, or formaldehyde, have also been used as 
substitutes for rubber , for example, as cores for tyres and coverings for rollers 
“ Elastes ” belongs to this class 

Cores and fillings for tyres have also been made by injecting into or generating 
in rubber, gelatine, etc , air or other gases The inventions of the Pneumatic 
Tyres Syndicate are of this nature 

GUTTA-PERCHA 

Gutta-percha is obtained from the Isonandra guita (East Indies) and other 
trees, usually by felling the trees and “ringing” the bark at intervals of 12-18 in. 
The milk which oozes out in the better kinds soon coagulates, and is then boiled 
alone or with water In order to clean the product it is reduced, softened in hot 
water, washed with hot water, strained, masticated between rollers, and sheeted 
In the chemical cleansing process small pieces of raw gutta-percha are steeped in 
caustic alkali or chloride of lime, the latter process yielding a product containing 
less dirt than the former process It is sometimes desirable, e g ^ m making golf 
balls, to remove resin from gutta-percha This is done by extracting the dry material 
with petroleum spirit, etc , the gutta-percha which remains behind undissolved is then 
masticated in the usual way. Various processes for extracting gutta-percha from 
leaves, etc , have been suggested , for example, by means of CSg, toluene, etc 

Chemically gutta-percha is closely related to caoutchouc, being in fact, according 
to Harries, a stereo-isomeride, of formula (CioHig)^, and, like caoutchouc, it forms 
an ozonide, CjoH^gOg, which is decomposed by water into laevulmic aldehyde 

Physically, however, there is little resemblance , gutta-percha does not possess 
elasticity like caoutchouc , but when warmed is extremely plastic, and when 
pressed in forms gives the finest relief work m exact detail Gutta-percha at 
ordinary temperatures is hard but not britttle , it is an excellent electric insulator, 
and is largely used in the manufacture of electric cables, especially marine ones, 
because, as compared with rubber, it possesses a greater power of resistance towards 
water under high pressures 


BALATA 

Balata (from the “bullet” tree or Sapota muherii) is midway in physical 
characteristics between indiarubber and gutta-percha, and is largely used for coating 
canvas for belting, and as a soling for shoes and boots The milk is obtained by 
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removing the outer bark before tapping, and is coagulated by evaporation or by 
spirits of wine 

Statistics — The accompanying figures give the growth of the world’s production of crude 
rubber (caoutchouc) • 1890, 29,330 tons , 1895, 34>827 tons , 1900, 52,864 tons , 1905, 68,879 tons ; 
1910, 76,553 tons; 191 1, 88,000 tons, 1912, 98,950 tons ; 1913, 112,000 tons 

The world’s production of all grades of rubber in 1911 and the approximate price of these 
vanous grades of rubber on nth May 1912 was as follows — 

Output in Tons Price per lb 

s, d s d» 

Amazonas and Brazil (para) ... 39,000 4 7 to 4 

Ceylon and Malaya (plantation) - - 14,200 4 ii ,, 5 o 

Afnca and the rest of the world • - 34,800 2 i „ 4 o 

88,000 

The production of plantation rubber was . — 1912, 28,500 tons , 1913, 470,000 tons 

It is estimated that the total raw rubber output in 191 5- 1916 will be nearly 150,000 tons At 
present the United States consume one*half the world’s output, the United Kingdom and Germany 
each one-sixth 

Brazil^ Bolivia^ and Peru exported 39,500 tons in 1911, against 40,000 in 1910, in 1912 the 
export was 43i000 tons, and in 1913, 39,700 tons ; Mexico in 1911 exported 9,200 tons of guayule ; 
Ceylon and India 2,750 tons m 1911 , Malaya 11,400 tons in 1911 , West African Coast 15,000 
tons in 1911. The exports from the Straits Settlements^ F.M.S ^ and Ceylon for 1913 was 
71,000,000 lbs,, value 11,000,000. 

The quantity of caoutchouc imported into England was 30,000 tons in 1906 (value 10,000,000), 
and 43,800 tons in 1910 (value ;^26,ooo,ooo) The value of the manufactured rubber goods 
imported into England in 1910 was £627^000, and of the exported was ;^i, 800,000, while the 
exported rubber waste was ;^356,ooo The price of the best Para rubber in 191 1 was 6s per lb. 
In 1910 it once rose to 13s a lb It will probably fall to as per lb or under in a few years 

The import of gutta percha into the United Kingdom was— >1906, 53,000 cwt (value 
^^489,000) , 1910, 97,000 cwt (value 136,000). 

It IS stated that between 1900-1910 no less than ;^70,ooo,ooo was expended on rubber 
plantations 850,000 acres are under cultivation m the East (1911), and 80 acres in Mexico, 
Nicaragua, etc 

Estimated yield per tree (Hevea), age 5 years, lb , 7 years, li-ij lbs , 12 years, 3 4 lbs 
Some X5-30-year-old trees have yielded 15 to 20 lbs per tree per year 

Tappings per year — Hevea, 150-160; Castilloa, 4-5 Brazil, Peru, and Boh via produce about 
ooc-half the world’s rubber 
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Raw rubbers contain — i. Dirt, sand, bark ; 2 moisture , 3 carbohydrates (sugars of the 
inosite class) , 4. resins , 5 nitrogenous substances (proteins, enzymes) , 6 rubber hydrocarbon 
(caoutchouc) , 7. ash 

The loss on washing is determined by allowing a stream of water to play on the rubber while 
It IS repeatedly passed through the washing rolls 

By this means the dirt, sand, pieces of bark, etc , are squeezed out of the rubber and carried 
away by the water, which also dissolves out most of the sugars 

Plantation rubbers are washed before exportation, and for wild rubbers the loss on washing is 
determined on a large sample in the factory, so the rubber chemist commences his analysis on a 
sample of the washed and dried rubber 

As acids are used for coagulating the latex on many plantations, and free acid has an injurious 
effect on rubber, the sample should first be tested for acidity 

Moisture may be estimated by placing the rubber in vacuum over sulphuric acid for several days 
until the weight is constant, but is more conveniently estimated during the extraction with acetone ^ 

To estimate the resms, 2-5 gr of the rubber are cut into small cubes, or better, the rubber 
IS rolled into a very thin sheet, which is extracted with acetone for six hours in a Soxhlett extractor 
Of low grade highly resinous rubbers such as Jelutong, Guayule, etc , 1-2 gr will be enough 

The acetone extract is brought into a taxed flask, the acetone is distilled off in a water bath, and 
the residue dried m the steam oven for one hour, and then the heating is continued for periods of 
15 minutes until the weight is constant. (The drying may be hastened by placing the flask on 
its side m the steam oven, so that the heavy vapours pour out, and the heating should not be unduly 
prolonged, as the resins absorb oxygen, so that the weight increases ) 

Sometimes a white crystalline ring is observed on the sides of the flask , this is said to consist of 
sugars which escaped solution during the washing. 

The acetone extracted rubber is placed on a watch glass, and dried in the steam oven, or better, 
in a vacuum oven 

If dried in the air, the rubber should be heated for one hour, and then for periods of 15 
minutes, until the weight is constant, or begins to increase (Acetone extracted rubbers absorb 
oxygen rather rapidly. ) 

The difference between the weight lost by the rubber and that of the acetone extract represents 
(he weight of the moisture contains m the rubber 

The insoluble matter is determined by dissolving i gr of the rubber in CHCl, or CgH^ (1-3 
days), and the insoluble matter is separated by filtering through a Gooch crucible fitted with 
asbestos or glass wool, or better, by centrifuging 

The residue is washed first with the solvent used, then with naptha, and finally with petroleum 
spirit, after which it is dried, weighed, and then ashed The difference between the weights of the 
insoluble residue and its ash represents the weight of insoluble or^nic matter 

Schidrowitz estimates the total insoluble matter by placing i-i gr of the rubber in a 200 c c 
stoppered measuring cylinder, which is then filled to the mark with QHg, and allowed to stand 
witn occasional shaking till solution is complete (2-3 days) 



INDUSTRIAL CHEMISTRY 


An aliquot portion (20-50 c c ) of the clear liquid is then pipetted off from the upper portion of 
the cylinder, and placed in a tared flask. The benzene is evaporated on the water batn, and the 
residue dried and weighed. 

If 50 c c were removed, the difference between the weight of rubber taken and four times the 
weight of the residue from the 50 c c. of solution gives the amount of insoluble matter m the 
rubber 

Nitrogen in rubbers is determined by Kjeldahrs method. 1-2 gr. of the rubber are heated on a 
sand bath with 12 c c of cone H2SO4, o c c of fuming sulphuric acid 

After the acid has been boiling for an hour, 8 gr of dry K2SO4 are added, and the heating is 
continued until a clear, colourless, or pale yellow melt is obtained, or the rubber may be boiled in 
the sulphunc acid mixture for 3-4 hours; and then a little KMn04 is added cautiously, a few 
crystals at a time, to the hot acid, and the heating continued until a clear pale yellow liquid is 
obtained (Many rubbers contain a little iron, which causes the pale yellow colour ) 

The product is then cooled, diluted with 200 c c of water, again cooled ; 80 c c of NaOH 
solution S G 13-14 added, a piece of zinc dropped into the distillation flask, and 100 c c of the 

liquid distilled into 100 c c of — H2SO4, with the usual precautions 

N N 

The excess of ~ H2SO4 is titrated with -~Ba(OH)2, or Na2COs, using methyl orange as an 

indicator The nitrogen figure, when multiplied by 6.25, is usually regarded as representing the 
amount of proteid in the case of washed rubbers 

To determine the ash, about 2 gr of the rubber are placed in a porcelam crucible (preferably 
glazed on the inside only), which fits in a circular hole in a piece of asbestos board 

The crucible is heated with a very small Bunsen flame until fumes are no loiter evolved, and the 
carbon deposited on the sides of the crucible is burnt off at the mouth of a muffle furnace, or over a 
large Bunsen flame Hevea rubbers (Para, Mollendo, Plantation Para, etc ), may only contain 
o 2 per cent of ash, so in this case about 10 gr of the rubber should be taken and fumed off, 2 or 3 gr 
at a time 

The ash may contain silica, lime, alumina, magnesia, iron oxide, sulphates, phosphates, and chlorine, 
which are determined by the ordinary methods of analysis Several methods have been proposed 
for the direct estimation of the rubber hydrocarbon^ but this is best determined by difference The 
percentage values found for moisture, acetone extract, insoluble organic matter, and ash, when 
added together and subtracted from 100, give the per cent of caoutchouc contained in the rubber 

Vulcamsed Rubbers — Owing to the very large number of both organic and inorganic sub- 
stances which are introduced into rubber mixings, an exact separation of all the constituents is often 
very difficult and sometimes impossible 

The following scheme of serration, which is based on the work of Henriques and Weber, is the 
best which has yet been devised, and may be used for both soft rubbers and vulcanites The 
rubber (about 2 gr ) is extracted with acetone for ten hours , this dissolves out rubber resins, free 
S, and any oils or solid hydrocarbons which the rubber may contain 

The rubber is next extracted with pyridine for one hour, which separates any tar, pitch, or 
bituminous substances, and the sulphur combined with them 

These substances, which need only be sought in dark rubbers, may be detected by warming a 
piece of the robber with QHj, or CHCls, when their presence is revealed by the formation of a 
dark-coloured and usually fluorescent solution If they are absent, the pyridine extraction may be 
omitted 

The rubber is then boiled with 50 c c of a 5 per cent alcoholic solution of NaOH for four hours 
with alcohol in a Soxhlett extractor, and then with water. This removes the factice (rubber sub- 
stitutes), blown and polymerised oils, with the sulphur and chlorine contained in the factice 

The rubber Js then heated in a flask with 60 gr of a nitronaphthalene for one hour to 180®, cooled, 
and 1 50 c c of benzene are added. 

The liquid is allowed to stand until the insoluble matter settles out, when it is filtered, and the 
residue washed with benzene, dned, and weighed. In this way the caoutchouc and the sulphur and 
chlorine combined with it are removed from the mixing The residue is then extracted with 
boiling water to remove any starch or dextrine 

The residue may now contain mineral matter, free carbon, fibrous minerals, and sulphur in 
inorganic compounds 

The free sulphur in the acetone extract may be estimated by heating the extract with fuming 
nitric acid, evaporating the solution to a thin syrup, which is transferred to an evaporating dish and 
concentrated on the water bath to a thick syrup, 2 gr. of fusion mixture are added, and the mixture 
well stirred. 

The basin is cautiously heated until the mixture has become white, when it is strongly ignited 
The residue is dissolved in hot water, the solution filtered, the filtrate acidified with HCl, and 
boiled, and the sulphate precipitated with barum chloride. 

As a small loss of sulphur is liable to occur during the oxidation with nitric acid, a better 
method is to boil the acetone extract with 20 c c of alcohol, and o 6 gr of NaCN for two hours. 

The alcohol is distilled off, the residue is taken up in 100 c c of water, 5 c c. of a saturated 
solution of iron alum is added, and the liquid heated to 95 with constant stirring, and filtered. 
5 c c. of concentrated HNO) are added to the cooled filtrate, which is then made up to $00 c.c 



ANALYSIS OF RUBBERS 365 ^ 

N 

The blood-red solution of feme thiocyanate is titrated with ~ AgNOjCigr Ag=o 297 gr ofS). 

Mineral oils usually reveal their presence by imparting a fluorescence to the acetone extract. 
If waxes are present, the residue from the acetone extract is warmed with 50 c c of 96 per cent, 
alcohol, filtered, and the residue washed with 25 c c of alcohol The filtrate is then cooled to -4®, 
the wax is filtered and washed with 100 c c of 96 per cent alcohol cooled to ->4® 

The figures obtained by weighing the residue left after distilling off the pyridine from the 
pyndine extract are of doubtful value, as pyridine dissolves some of the rubber, while bitumen is 
not entirely soluble m pyridine The sulphur may be estimated by oxidation with HNO3, and 
fusion mixture as described for the acetone extract 

The alcoholic soda extract should be tested for mineral fillers, some of which, such as antimony, 
sulphide, and zinc oxide, are partially extracted 

The total sulphur may be determined by mixing o 2 gr of the finely divided rubber or ebonite 
with 6-7 gr of Na202, and o i gr of powdered sugar in a nickle crucible, and covering the mixture 
with a thin layer of Na202 

The crucible is placed in a basin containing a little water, and the mixture is fired by passing a 
red hot wire through a hole in the crucible lid The residue is dissolved in the water in the dish, 
nearly neutralised with HCl, boiled and filtered to remove a few smuts which are formed (the liquid 
should not be black), acidified with HCI, boiled and precipitated with BaCl2 as usual 

As Na202 usually contains traces of S, a blank test must be made with the sample used 
By another method the finely divided rubber is heated with a mixture of ZnO and KNO3 over 
a spirit Bunsen (to avoid SO2) gently until the vigorous action is over, and then to a red heat 
The product is boiled with HCI, filtered, and precipitated with BaC^ as usual 

Cold vulcanised rubbers and white factice (which appears in the alcoholic soda extract) contain 
chlorine, which may be estimated by precipitating as AgCl in the usual manner after the organic 
matter has been destroyed by ignition with fusion mixture 

The mineral fillers are determined by the usual methods of inorganic analysis, and with the 
exception of Pb, Sb and Hg may be estimated in the ash 

Pd can only occur in black rubbers, and Sb2S5 is usually put into red rubber mixings, while 
florae special red rubbers owe their colour to vermillion (HgS) 

These three metals, which are never introduced together into a rubber mixing, are determined 
after the organic matter has been destroyed by heating the rubber with nitric acid and ammonium 
presulphate 

Pb may be estimated by making the liquid alkaline with NH4OH, digesting with ammonium 
acetate, filtering from any insoluble matter (Si02» BaS04), acidifying with CH8CO2H, and precipitat- 
ing as PbCr04 

Hg and Sb are estimated by adding HCI to the liquid, diluting and passing SH2 gas 
The HgS may be freed from S by extraction with ammonium sulphide, and the Sb is best con 
verted into Sb204 by evaporation first with dilute HNOs, then with cone , and finally with fuming 
mtnc acid, when it is ignited and weighed 

The organic constituents of rubbers may also be destroyed by GasparinPs electrolytic method, 
in which Hg of the rubber is placed in contact with Pb electrodes, in 15-20 c c of fuming nitnc 
acid, in a special apparatus (Gaspanni, 6'a53 Chun 426) 

A continuous current (10 amperes and 8-16 volts) is passed until all organic matter is oxidised 
(two-seven hours) 

This method is said to give good results for the estimation of total sulphur, chlorine, 
mercury, etc 


MECHANICAL TESTS. 

These chemical tests should be supplemented by Mechanical Tests, , for elasticity, break- 
ing strength, etc , for which special machines are employed 

It IS interesting to note that viscosity measurement is a more accurate test of the strength of 
rubber than “ hand pulling ” or mechanical tensile tests Schridowitz and Goldsbrough {Journ 
Soc Chem Ind , 1909, p 3) used filtered dilute solutions in an Ostwald double-bulb viscometer 
with pure benzene as solvent, and a temperature of 20® C Comparative determinations only are 
necessary, the viscosity of pure benzene being taken as i They showed that a straight line law 
IS obeyed for dense solutions between the viscosity and concentration, and thus by assuming a 
concentration of icx5 per cent they were able to obtain values for solid matter These observers 
conclude that within the same species viscosity measurements vary directly with strength and 
“vulcanising capacity,** and that even when comparing species with species high viscosity 
indicates strength 

The capacity for vulcanisation should also be investigated by using a range of methods 
(open cure, press cure, etc ), of time, temperature, and different mixings 

The usefulness of a sample for particular purposes may be ascertained by mechanical tests 
on best-cure rubber, such as breakm^-strain, elonp;ation at break, nature of hysteresis curves, and 
elongation of curves, etc., compression under given load, recovery after compression for fixed 
time, elasticity (by dropping a steel ball on a sheet of the sample and comparing heights of drop 
and rebound), abrasion and hardness tests, specific gravity, di-electric strength, effect of reagents 
on weight, volume, tensile properties, etc , dry heat (132® C for i hour), and moist heat (steam, 
i6o® C. for 3 hours) tests, porosity 
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II._SYNTHETIC RUBBER 


By G. Martin, Ph.D, D Sc 


LITERATURE 


The following are important papers . — 

W H Perkin, Jun — “Butadiene, Isoprene, and their Homologues ” Journ Soc Chem 
Ind (1912), 616 

C. Harries — Liebig's Annalen (1911), 383, 157227 (Abstract in Joutn Soc Chem 
Ind (1911), 1073); Giimmtzeit (1910), 850, (1907), 21, 823, (1906), 1277, Zetts 
Angew Chem, 19, 1330 “ Ber ” (1904), 37, 2708, (1905), 38, II95 » uqS, 3985, 

3989 

Tiiden — Chem News, 46. 120 (1882) , 65, 265 (1892) , Journ Chem Soc , 45, 411 (1884), 
Brit Assoc , 1906 

G Bouchardat — Bull Soc Chun , 24, 108, Comptes Rend , 80, 1446 (1875) ; 89, 361, 
1117 (1879) 

Kondakow —Journ Pr Ch (2), 59, 299 (1889) , 62, 175 {1900) , 63, 1 13 (1901) , 64, 109- 
110(1901), Revue giniraie de Chtmte, 1912 

WiLLSTATTER — “ Ber 38, 1975 , 40, 957, 3994 

A Klages — “Kautschuk u Kautschukersatzstoffe,” Z Angew Ch , 34, 1505 (1911) 

The following are the numbers of the more important patents bearing on the 
manufacture of synthetic rubber — 

English Patents —21,772, 1907 , 13,252, 1908; 15,299, 29,277, 29,566, 1909 

English Patents of 1910—4,001, 4,189, 4*572, 4*620, 5,931, 5,932, 8,100, 9,219, 
14,040, 14,041, 15,254, 17*734* 24,790, 25,850 

English Patents of 1911 — 1,124, 1,125, 6,540, 9,721, 9,722, 15,203, 15,204, 16,925, 
i 8,935» 27,361 

French Patents of 1911 — 434,586, 433,825, 433,322 

English Patents of 1912 —227, 448, 3,873, 5,555, 12,770, 12,771, 12,772, 12,773, 

^3*051 

French Patent of 1912 — 438,789 

The term ‘‘synthetic rubber” is used as distinct from the term “rubber sub 
stitutes” to indicate products which are claimed to have the same or approxi- 
mately the same chemical constitution as caoutchouc, or the prime constituent of 
caoutchouc, and not merely bodies having similar physical properties to caoutchouc 
or india-rubber 

When certain unsaturated hydrocarbons containing the grouping C C C C* 
are allowed to polymerise, they form a series of caputchoucs which possess many 
of the properties of the best sorts of natural caoutchouc, including the power of 
vulcanising 

The hydrocarbons from which technical synthetic rubber has been formed are . — 

Butadiene (Erythrene, Divinyl), CHg^CH-CH^CHg 

)0-Methyl Butadiene (Isoprene, Methyl Divinyl), CH 2 = C(CH 3 )~CH = CH 2 . 
)8-y-Dimethyl Butadiene (Di-isopropylene, dipropylene), CH 2 = C(CHg)-»- 
C(CH3) = CH2 

Butadiene is at ordinary temperatures a gas 

Properties of Isoprene (Methyl Vinyl, /3-methyI butadiene) — Colourless liquid with pene- 
trating smell, B P , 36‘’-37" C ; density, 06804, mol refract , MR© (21®) = 25 45, mol. disp , 
MD-y a (21®) = I 25 

Properties of )3-7-Dimethylbutadiene — Colourless liquid , B P , 71® C , Dd = i 4375 x ; naoL 
refract , 29 65 ; density (20®), o 7272 , My-Ma=i,4i 



SYNTHETIC RUBBER 


366a 


The higher homolog^ues of bata 4 iene also produce rubbers •, e g , /S-methyl-y phenyl butadiene 
(phenyl isoprene), CHj=C(CHj) - C(C,H,)=CH2, has been shown by A Klages and E Lauk 
{“ Dissert Heidelberg, 1904) to polymerise to a mbber-like body which vulcanised to a product 
infenor to ebomte Doubtless further research will bring to light technically important higher 
rubber. 

The polymensation may be regarded as taking place thus • — 


CHa=CH— CH==CHa 


/CHj— CH=CH— CH,\ 

CH 2 =CH— CH==CHa 

r 

Mhj— CH=CH— CH j/x 

Butadiene 


Normal butadiene rubber 

CHa=C(CH 3 )— CH=CHj 


/CHj— C(CH,)=CH— CH jN 

CHrf=CH— C(CH s)=CH 2 

r 

VCHj-CH=C(CH,)— CH/x 

/3- Methyl butadiene (isoprene). 


/9-MethyI butadiene rubber 
(isoprene rubber, natural rubber). 

CH3==C(CH3)— C(CH 3 )=CH 2 


/CH 2 -C(CH 8 )=C(CH 3 ) -CHaX 

CHj^(CH 8 )-~C(C I I 3 )=CI I 2 


C(CH,)=C(CHs)— CH/x 

^-'y-Dimethyl butadiene 


/S-y-dimethyl butadiene rubber 

(di isopropylcne, dipropylenc). 

w 

(dipropylenc rubber) 

And, in general, a rubber denved from 

a homologue of butadiene, such as 


CH, = CX - CY = CHg, would produce rubbers of the formulae — 

/CH2--CX=CY— CHgN /CH2~CX==CY— CHaX 

(1 ) and ( I I ) 

\CH2— CX==CY~CH2/x VCHa— CY==CX-CH2 /x 

As a matter of fact the polymerisation is a much more complex matter than this. Thus sticky 
or liquid lower polymendes are first formed, and the final polymerisation product is formed gradually 
by further condensation Moreo\er, if the polymensation proceeds too far and the molecules 
become too condensed, hard brittle products may be formed Also Harries has shown {Annalen^ 
383. 157-229) that different rubbers are obtained by using different polymerisation agents, e g ^ when 
butadiene is polymerised by heating alone or with acetic anhydride, it yields a “ normal butadiene 
rubber,” (C8Hi2)x, while when polymerisation is effected by sodium wire it yields quite a different 
rubber, called “sodium butadiene rubber” In a similar manner several isomeric rubbers are 
obtained by polymerising isoprene and dimethyl butadiene respectively. Thus, for isoprene rubber 
(natural rubber) Harries suggests (Annalen, 383, p 187) the presence of three isomendes, which 
have the double linkage in a different position, thus — 


CCH 3 

CCHj 

CCHj 

HC CHg 



HC CH 

HC CH 

Hgi ():Ha 

I:h 

Hji: cll 

Hgi CH 

1 1 

H 2 C CH 2 

1 1 

HgC CH CHj 

CHjC 

'lormal isoprene 

CHj^ 

\/ 

CH, 


rub^r Isomendes mixed with normal rubber 

Moreover each of these isomendes may have several stereoisomerides It will be seen that according 
to Harries’ views the basis of rubber is the hydrocarbon cyclopentadiene (1.5) which contains a 
ring of eight carbon atoms — 

CHa-CH=CH~CH2 
i:Hir-CH=CH— (I hj 

Pickles {Joum Chem Soc , 1910) and Ostromisslensky [Joum Russ Phys. Chem Soc , 1912, 44, 
204-244) suggest rings containing more than eight carbon atoms 

Identification of Rubbers — Harries has shown that the only way to identify a rubber is to 
ozonise it, and then decompose the ozonide produced (see p 358), because simple bodies are thus 
obtained which yield with phenylhydrazine finely crystalline compounds with sharp melting points, 
and so can be easily identified, and at the same time give an insight into the structure of the 
molecule Although rubbers yield bromides and mtrositcs (p 359) yet these compounds arc 
amorphous without sharp meltmg points, and so do not afford good means of identifying the 
various rubbers. 
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MANUFACTURE OF BUTADIENE, METHYL BUTADIENE 
(ISOPRENE), AND DIMETHYL BUTADIENE FOR THE 
PURPOSE OF MAKING SYNTHETIC RUBBER 

Since rubber can be produced quantitatively from butadiene and isoprene, the 
problem of successfully producing synthetic rubber commercially resolves itself 
firstly into the manufacture of butadiene, isoprene, or dimethylbutadiene, as cheaply 
as possible, and secondly, into the polymerisation of these substances to rubber 

Manufacture of Butadiene (Erythrene, Divinyl) 

1 From Butyl Alcohol (Fembach’s Fusel Oil) — Perkin ijourfu Soc. Chem 
Ind ^ 1912, 31, 622) converts the butyl alcohol, CH3 CH^CH >CHoOH, into butyl 
chloride, CHgCH^CH jCH^Cl, by passing dry HCl gas into the heated alcohol, and 
then chlorinates the butyl chloride so as to produce dichlorides 

The difficulty that a large proportion of higher chlorides arc 
produced by chlorinating under ordinary^ circumstances is got over 
by employing a special apparatus devised by Mr C A Pim 

Ihc liquid is boiled in the vessel A (Fig 164a) until the chloiin- 
ating chamber B is full of vapour and the liquid drops from the 
end of the reflux condenser c Then a stream of dry chlorine is 
passed in through D, keeping, however, the butyl chloride in 
excess During the chlorination process the apparatus must stand 
in a good light, and on dull days the ultra violet light of a mercury 
lamp IS used to facilitate chlorination As fast as the higher boiling 
dichlonde is produced m B it drops back into the vessel A , and as 
this IS provided wuh an efficient fractionating column E, only the 
lower-boiling butyl chloride can pass up into the chlorinating 
chamber B , the dichlorides are thus removed from the sphere o 
action of the chlorine and thus escape further chlorination The 
liquid in A IS finally fractionated and the dichlorides separated 
c and b are regulating thermometers 

There are thus produced the dichlorides 
I 2CH8CH2CHCICH.CI (B P 125), 

I • 3CH3 CHCl CH , CHp (B P. 137), and 
I 4CH2CI CH^CH, CHyCl These dichlorides are then 
passed over hot soda lime at a temperature of 470“ C , 
whereby hydrochloiic acid is abstracted and butadiene 
formed, thus — 

botla lime 

CTIj CIICl CH, CTI /1 > CHg^CH— CII=CIl2 

— HCl Butadiene 

Harries {Annalen^ 1911, 383, 181) also uses butyl alcohol and produces the bromide 
CH,CHBrCH^CH2Br, which he also passes over heated soda lime 

The commercial success of this method depends upon the production of cheap butyl alcohoL 
This is obtained by ferment mg starchy mashes with Fernbach’s Cultures, whereby a large yield 
of fusel oil containing no less than 65 per cent of butyl alcohol is obtained (see pp, 314, 333) 

2 Butadiene from Aldehyde. — Perkin {ioc, at ) also proposes to obtain buta- 
diene from aldehyde (which is prepared from alcohol, and thus from starch) by treating 
It with very dilute potassium carbonate whereby aldol, CH8CH(OH)CH2CHO, is pro- 
duced This is reduced and yields i • 3-butylene glycol, CH3CH(0H)CH2CH20H , 
this is then converted into i . 3-dichlorobutane, CH3CHCI CHgCHgCl, by dry HCl 
gas , and finally butadiene obtained by passing this over hot soda lime as above 
described 

Here the starting point is starch, in the form of potatoes or gram, which are fermented to 
alcohol, which is then oxidised to aldehyde. 



Fig 164^: 

Pirn’s Chlorinating Apparatus 
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3. Butadiene from Light Petroleum.— Bayer b* Co.y Elberfeld, 
English Patent, 448, 1912, produce butadiene from cyclohexane and its homologues 
(derived from light petroleum) by passing the vapours over hot contact surfaces, 
especially over a spiral of aluminium silicate heated electrically to a dull red heat 
The unchanged hydrocarbon is returned to the boiler, whilst the gases are freed by 
cooling from liquid hydrocarbons and the butadiene extracted from them. In 
their French Patent, 437,387, 1911, they decompose petroleum or its fractions or 
residues by means of hot contact surfaces, eg ^ a fraction of B P 70**100'* C , obtained 
from Caucasian petroleum, is passed m a state of vapour over a coil of platinum 
heated electrically to dull redness The unaltered petroleum is returned to the 
container, whilst the gases are freed from low boiling hydrocarbons by cooling, and 
the butadiene is isolated either by strong compression and cooling and fractionating, 
or by a chemical process such as converting it into its tetrabromide Perkin and 
Wetzman (English Patent, 9,722, 1911) pass i 2-butylene, CH3 CHg CH CH^ 
(obtained by cracking petroleum), over heated finely-divided copper, whereby a 
mixture of butadiene, CH2 CH CH CHg (by removal of H), and unchanged 
butylene results The butadiene is then polymerised, and the unchanged butylene 
distilled off from the resulting caoutchouc 

4. Butadiene from Phenol. — Fr Bayer & Co (English Patents, 8,100, 

1910, 18,935, 1911) produce butadiene by treating tetramethylenediamine, 

NH^H2CH2CH2CH2NH2, with water and KOH, then adding methyl iodide, 
CH3I, in small portions, when we get formed tetramethylenehexamethyl diamine 
iodide, (CH3)3lN — CH2 — CH2 — CH2 — CH2N(CH3)3l This is converted into the 
hydroxide (CH3)3(OH)N — (CH2)4 — N(CH3)3(OH) by silver oxide When this is 
warmed it decomposes into butadiene, thus . — 

(C 113)3 heat 

CH2 CH^-CIIa CHa Nf CHg^CH— CH=CH2+2N(Cn3), + 2H80 

110/ \OH 

Butadiene 

This IS really a method of preparing butadiene from coal-tar through phenol by means of the 
following series of reactions — 


CH 

/Sh 

1 1 

H 

CHg 

/\ 

1 1 

0 

A 

CHa CHj 

1 1 

CH CH 

V 

1 

Sabatier and 
Senderen 

CHa CHa 

CH 


COOH CHj 

/ 

COOH 

(^H 

PhenoL 


in 


Adipic acid. 


HCIO 

NHa 0C(CH2)4 CO NHg ^ NHg (CHa)^ NH* 

Amide of adipic acid Tetramethylene 

diamine 

5 Butadiene from Acetylene. — Hememann (English Patent, 20,772, 1908) 
produces butadiene by heating acetylene and ethylene together in a tube heated to 
dull redness, thus — 

CH=CH + CH^H— CH^CHa 

Acetylene Ethylene Butadiene 

Manufacture of ) 3 -Methyl Butadiene (Isoprene, Methyl Divinyl), 

CHij = C(CHj)-CH=CH2 

r Isoprene from Amyl Alcohol (Fusel Oil) — W H Perkin (Joum Soc. 
Chem. Ind., 1913, 631) proposes to produce isoprene from isoamyl alcohol, 

37 
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(CH3)2CH.CH2 CHjOH, derived from commercial fusel oil, by converting it into 
the chloride (CH3)2CH CHgCHgCl, and then chlorinating this isoamyl chloride 
in a Pim^s apparatus (p. 366^), so as to produce dichlorides, viz , isopropylethylene 
dichloride, (CH8)2CH CHCl CH2CI (B P 142** C ), ^^//z-dimethyltrimethylene di- 
chloride, (CH 8 )CC 1 CHg CHgCl (BP 152^-155“), and ^-methyltetramethylene 
dichloride, CHgCl CH(CH3) CHg CH2CI (B P lyo^-i 72“). These dichlorides when 
passed over hot soda lime (at 470® G ) produce isoprene, the soda lime extracting 
the elements of hydrochloric acid, thus — 


H3C 

H.O 


Cl 


H /H 

-C-C^H 


H 


Soda hme 

> 

-HCl 


Cl 


H,C^C. 

cn/ 


CH=CH,. 


Isoprene 


The isoprene coming over is condensed by a freezing mixture and purified by 
fractionation 

Since amyl alcohol is derived from starch, this is a method of obtaining isoprene from starch 

2 Isoprene from Light Petroleum — Isoprene has been produced from 
light petroleum or oil gas by isolating isopentane by distillation, converting it into 
dichlorides by halogenating, and passing the resulting dichlorides over hot lime, 
which removes the elements of hydrochloric acid and produces isoprene 

For example, C Harries (German Patents, 243,075, 1910, and 243,076, 1910) passes the dihalo 
genides, C5Hi(,(Hal)2, or the monochlorhydrmes, C5Hio(6H)(Hal), over soda lime or magnesium 
oxide heated to 600® C , whereby isoprene is produced in yields varying from 30 to 60 per cent, 
of the theoretical The following substances were used — 

(CHalaCCl CHCl CHg, (Cn3)2CBr CHBr CHg, {CH^).JC{ 0 H) CHCl CHg, 
and (CHala C(OH) CHBr CHg, 

and better yields were obtained with the bromides than with the chlorides 

The Badische Amlin- u Soda-Fabrik (French Patent, 435,312, 1911) convert isopentane derived 
from petroleum or oil gas into monohalogen derivatives by submitting a mixture of Cl and an excess 
of isopentane to the influence of a mercury vapour lamp The chloroisopentanes are then treated 
with hot lime, which removes HCl and forms tnmethyletnylene, (CH3)2C = CH2 CHg This is con 
verted into the dichloride (CH3)2 CCl CCl CHgCH^, and pure isoprene is prepared from this by 
passing It under reduced pressure over a catalytic agent such as alumina or BaClg heated to 350* C 

3 Isoprene from Turpentine Oils — Ttlden m 1884 (^loum Soc Chevi ^ 
45, 41 1) showed that isoprene can be obtained by passing turpentine Oil through 
an iron tube heated to a dull red heat, but the yield was only 6 per cent Silberrad 
(English Patent, 4,001, 1910) finds that the yield is greatly increased if the 
turpentine vapour is produced in a highly rarefied condition Hetnemann (English 
Patent, 14,040, 1910) obtains isoprene by passing the vapours of turpentine oil 
over heated, finely divided copper or silver at 45o**-48o* C Harries {Lteb Ann , 
1911, 383, 228) showed that good results are obtained by passing the vapours of 
turpentine oils over an elcclncally heated wire, the isoprene escaping, on account 
of Its great volatility, through the top of a reflux condenser, while the heavier 
boiling turpentine oils are returned to the flask below Fr Bayer & Co , Elberfeld 
(French Patent, 438,789, 1911), pass nopinene (BP 165*166") over electrically 
heated surfaces and obtain a 20 per cent yield of isoprene 

4 Isoprene from Acetylene — Hememann (English Patent, 21,772, 1907) 
produces isoprene first by combining acetylene and ethylene to form butadiene 
(divinyl) by passing the mixed gases through a tube heated to dull redness , the 
resulting butadiene is next converted into the methyl derivative by heating with 
methyl chloride — 

C2H2 + CsH, 

Acetylene Ethylene 

CH3=CH— CH— CHg + CH3CI 

Butadiene Methyl 

chloride 

5 Isoprene from Para-Cresol (Coal Tar Product) — Fr Bayer & Co , 

Elberfeld (English Patent, 8,100, 1910, 18,935, produce isoprene by heating 

/S-methyltetramethylenediamine, NH, CHjCH(CH8) CH, CH, NHj, with KOH, 


> CH^CH CH=CH, 

Butadiene 

> CH2=C (CH,) - CH— CIIb + HCl 

Isoprene 
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water, methyl alcohol, and methyl chlonde, CHgCl, in an autoclave for twelve hours 
at 100“ C , whereby the compound C1(CH3)3N CHg CH(CH 8 ) CHgCHj N(CH8)3C1 
IS produced This is converted into the base by replacing the Cl with OH by 
treating with silver oxide in the usual manner The base, when distilled, breaks 
up into isoprene, thus — 

(CH 3 )«^ ^(CHs), 

CHa CHCCHj) CH^ CHg ^ 

no/ ^OH 


CHjp=C(CH 8)— CH^CHg 4- 2N(CHg)8 + 2HaO 
Isoprene 

Homologues of isoprene may be produced in a similar manner (see Butadiene, 
p 3^60 

This method really starts from Coal-Tar, for the ^ methyltetramcthylenediamine is derived 
from Para Crcsol by the following senes of reactions (Dr Hofmann, of Bayer fit Co ) — 


CH, 

C 


CH, 

CH 


CH, 

CH 


/\ 


dllj CHj 

HC CH 

H 

1 1 

HC CH 

Sabatier and 

CH- CH, 

Senderens 

V 


\/ 

CH 




\ 

CH, 


OH 

/-Cretol from 
coal tar 


OH 


COOH^H, 

C"00H 
^ Methyladipic 
acid 


CH, 


CH, 

NH,— CHr-CH-CHa-CHa— NH, 

fi Meihyltetrameihylenediarnme 


HCIO 


/ 

CH, 


CH— CH, 
CHa 


CO NHa CO NH, 

Amide of ^ Methyl 
-idipic acid 


6. Isoprene from Starch or Sugar through Laevulinic Acid. — Heme- 
mann (English Patent, 13,252, 1910) converts starch or sugar into laevulinic acid, 
CHg CO CHg CHg COOH, by boiling with dilute HCl or H3SO4, and distilling the 
acid with phosphorus tnsulphide at 130**140* C , whereby thiotolene distils over — 


/ 


CHo—CHa 


CH,-CO 


P,S, 


:o OH 


CH-CH. 

CH, C<^ ^CH 


Laevulinic acid 


Thiotolene 


If phosphorus pentasulphide is used in place of the tnsulphide, thiotenol, 
^CIl— CH 

CH3 C>^ II ^ jg obtained 
\s— C OH 

The thiotolene or thiotenol is converted into isoprene by passing either com- 
pound mixed with hydrogen over finely-divided copper or iron at a temperature of 
3oo*-5oo* C In the presence of hydrogen the sulphur is eliminated and combines 
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With the metal forcing a metallic sulphide, which is then reduced by the excess o# 
hydrogen to free metal The final product is isoprene — 


.CH— CH 

CH,— I + 2 H, 

\s-CH 

Thiotolen« 


> 


CH,— C; 




CHa 


^CH==Clla 


+ HgS 


Isoprene 


Above 500* C the isoprene is converted into its polymer dipentene, Ciotlie 

7 Isoprene from Acetone (compare C Harries, Annalen, 1911, 383, 
164) — Acetone is treated with ethyl magnesium bromide by Grignard^s process, 
and is then transformed into tertiary amyl alcohol, thus — 


CH,^ £.Mf-dr CH,. /OMgBr H.O CH,^ ^OH 


^>0 


CH, 




CH0CH3 


CH CH3 
Br Br 

T nmethy leth ylene 
dibromide 


cn/ \:h,ch. 

Tertiary amyl alcohol 
Hot lime 


CH. 

— > yC^H CH. 


CH/ 

Tn meth y lethylene 


CH/ 


CH=CH, 


Isoprene 


It Will be remembered that in a similar manner butylene dibromide yields butadiene — 


H 


\C— CH-GHa 

I I 

Br Br 


— 2HBr 


H 


\ 


CHc^ 


C— CH^CHo 


Butadiene 


Acetone is derived from Wood Distillation (p. 333), but is also now produced by fermentation 
processes (Fern bach) from starch 


Manufacture of /^-y-Dimethyl butadiene (Di-isopropenyl, Dipropylene) 

(See Couturier, Ann Chim Phys , 26, 485 (1892), Bu// Soc Chim (3), 33, 454 (1880); 
Kondakow , Prakt Ch (2), 59, 299 (1899), 62, 175 (1900), 63, I13 (1901), 64, 109 (1901) 
See also German Patent, 57,466, iv 12, of the Badische Amlin- u Soda Fabrik, and English 
Patent, 2,312, 1912, of Fr Bayer & Co , Elberfeld ) 

This substance has technical importance, since Kondakow showed that it can be 
polymerised into a caoutchouc which is capable of vulcanisation, producing an 
elastic sheet of good firmness /^-y-dimethyl butadiene can be prepared from 
Pinacone, (CHg)2 C(OH)— C(OH) (CHg)^, egy by heating with dilute sulphuric 
acid (Couturier), or by heating pinacone dichloride with alcoholic potash (Konda 
kow) Technically the best way is to lead pinacone over heated potassium bisul- 
phate (German Patent, 57,466, 1912), according to the patented method of 
Meisenburg and Delbruck (Fr Bayer) — 

CHjv vCHg — Hj|0 CHjv xCH. 

>c — c<( \C 

CH.^ I I ^CH, ZW/ Vila 

OH OH 

Pinacone ^ y dimethyl butadiene 

Pinacone is obtained from Acetone by reducing it with magnesium amalgam (Holleman, 
Rec. des Pays Bos, 25, 206 (1906) , Zentralbl , 1906, 11 748) — 

2CH8 CO CH3 -H 2H ^ (CH,)a.C(OH) - C(OH) (CHjla 

Acetone Pinacone 


Manufacture of Synthetic Rubber by Polymerising Butadiene, 
Isoprene and its Homologues 

Butadiene, isoprene and its homologues can be polymerised into caoutchouc- 
like bodies by a great many methods, all of which are protected by patents. 
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I. Poljrmerisation by Metallic Sodium.— Polymerisation of the whole 
mass of butadiene or isoprene by the catalytic action of small quantities of sodium 
at a low temperature was discovered independently by Dr Matthews and C Harnes 
in 1910 The action is practically quantitative, and is not seriously affected by the 
presence of impurities like tnmethylethylene, (CH-) C«CH.CHg, which are not 
capable of polymerising to rubber The English patent was applied for by 
Matthews and Perkin on 25th October 1910 (English Patent, 24,790, 1910), while 
Harries, Bayer, & Co applied for a similar patent three months later (English 
Patents, 1,125, 1911, 27,361, 1911) 

In order to polymerise the isoprene to rubber it is sealed up m tubes with about 3 per cent of 
thin sodium wire, and heated for several days at about 60* C The dark brown product may be 
treated with acetone, which precipitates the rubber, and this may then be washed with alcohol or 
treated with steam to remove any unpolymerised hydrocarbon Harries {Ltebtg^s Annalen^ 1911, 
383, 213) showed that when butadiene was heated m a closed tube to 35“-40* C , with a^ut 
5 per cent of sodium wire it similarly polymerised to produce an excellent rubber From 9 g. 
butadiene -he obtained 8 g butadiene rubber — a practically quantitative yield — which could be 
vulcanised by either the hot or cold process 

Since the action is catalytic, the bulk of the sodium is recovered unchanged 
The method appears to be, technically, a very important one 

a Polym ^risation by Spontaneous Change. — Isoprene has been observed 
to slowly change into rubber when kept, but the process is uncertain and too slow 
to be technically of importance 

3 Polymerisation by Heating. — Hememann (English Patent, 21,772, 
1907) heats isoprene in a sealed tube to ioo*-i5o* C for three days, with or witnout 
the addition of acids or alkalis or neutral catalysts Fr Bayer, Elberfeld (English 
Patent, 17,734, 1910) and G Lilley (English Patent, 29,277, 1909) have also filed 
similar patents F Bayer (see French Patent, 433,825) polymerises by heating 
with anhydrides of fatty acids, isoprene is heated to 150“ C with acetic 
anhydride. 

4 Polymerisation by Saturating with Oxygen or Ozone.— Hememann 
(English Patent, 14,041) treats the cold isoprene with oxygen or ozone for some 
hours, and then heats the oxidised product in a dosed vessel from 40* 100* C for 
many hours until the isoprene becomes viscous The vessel is cooled and the 
mass freed from unconverted liquid by evaporating and precipitating the caoutchouc 
with alcohol 

5 Other Methods of Polymerising. — Sunlight, concentrated HCl, alkalis, 
and other similar chemicals promote polymerisation Blood serum, albumin, starch, 
urea, etc, also polymerise butadiene and isoprene (see English Patents, 15,254, 
1910, 1,124, 1911; 27,361, 1911) 

Commercial Production of Synthetic Rubber 

The synthetic rubber process of Messrs Strange & Graham (Synthetic Products 
Company, London) is as follows — 

The starting point is maize, potatoes, or any other cheap starch-containing 
substance Five operations are needed for producing synthetic rubber from this 
raw material — 

Operation I. — Fermentation of maize or potato mashes into a mixture of 
higher alcohols (fusel oils) and acetone by means of FernhacKs fermentation 
cultures (pp 314, 333) Two parts of fusel oil to one of acetone is produced, and 
43 per cent of the starch is converted into these products The acetone and the 
fusel oil are separated from each other and from the watery residue by simple 
distillation 65 per cent of the fusel oils consists of butyl alcohol 

Operation 2. — The fusel oils are treated with dry hydrochloric acid gas, and 
monochlorhydrocarbons are produced — 

CHj CHg.CH 8 .CH 80 H + HCl » CH3 CH^ CHg-CHa-Cl + HgO 

Butyl alcohol Butyl chloride 
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Operation 3. — The monochlorhydrocarbons are converted by means of chlorine 
into dichlorhydrocarbons in a special apparatus invented by Mr C A Pim, the 
desired product being removed from the raw material by the action of gravity, as 
described on p 366/^ 

ClCHaCIIaCHaCHjCl -f Cl = HCl > CH3CHCI CHaCHaCl 

Butyl chloride Butylene dichlonde 

Operation 4. — The dichlondes are now converted into butadiene, isoprene, 
etc., by passing the dichlor derivatives over hot soda lime — 

CH, CHCl CHa CHg Cl Hot s oda lime CHa=CH-CH*CHa+HCl 
Butylene dichlonde —HCl Butadiene 

Operation 5 - — The resulting hydrocarbons are now converted into rubber 
by allowing them to stand m contact with a small quantity of metallic sodium 
(made from common salt by electrolysis) whereby the liquid gradually polymerises 
to solid raw rubber in a few hours or weeks, according to the temperature employed 
The sodium acts catalytically, practically none being used up 

Cost of Production. — The starch in maize costs on the average less than 
id per lb ; the only other raw materials required are common salt costing 
30s. per ton, lime costing 30s per ton, and coal, costing 15s per ton The total 
cost of the raw materials used for making i lb of rubber does not exceed 2d. It 
IS stated that the cost of producing i lb of rubber by this process will not exceed 
4d. to 6d per lb 

The other commercial processes for making S3rnthetic rubber start from coal-tar through the 
phenols, or from petroleum which can be ‘‘cracked^* to give rise to hydrocarbons which can l)e 
converted into isoprene or butadiene Another promismg method lies m chlorinating the lighter 
fractions of petroleum and then passing them over heated lime Patents for carrying out these 
operations are discussed in the preceding pages. As to the cost of production by these processes no 
data have been published. 
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THE INDUSTRY OF ALIPHATIC 
CHEMICALS 


By G Martin, Ph D., D Sc. 

LITERATURE 

Very scattered An account of the patents will be found in Winther’s “ Patents der Organ 
ischen Chcmie ” 3 vols 1877-1905 

ALIPHATIC ACIDS 
Oxalic Acid, H2C2O4.2H2O 

Until recently oxalic acid was obtained exclusively from sawdust (or other 
carbohydrate) by heating to 240* 260* for about six hours m iron pans with caustic 
alkali (40 parts KOH -f 60 parts NaOH), usually in the proportion 50 parts wood 
to 100 parts alkali On cooling, the material was thrown into iron filter boxes 
with wire-gauze false bottoms, and the substance washed with water drawn 
through the mass by means of a vacuum pump The residue of sodium and 
potassium oxalate was heated while stirring with milk of lime in an iron pan, the 
caustic soda formed was drawn off and used again, while the insoluble calcium 
oxalate, after washing, \^as decomposed by dil H2SO4 in wooden lead-lined 
vats, and purified by recrystallisation 

Recently (German Patent, 103,856) the heating has been earned out m vacuo 
at 180® C — a much lower temperature Another process (A Droste, German 
Patent, 199,583) mixes the sawdust, etc., with half its weight Na2C08 solution 
(sp gr I 04-1. 1 ), adds KOH solution of same specific gravity, stirs, and rapidly 
adds the theoretical amount (determined by a previous experiment) of powdered 
permanganate, stirs, allows to stand twelve to twenty hours, when the wood is 
almost completely oxidised to oxalic acid 

Manufacture of Oxalic Acid from Formates— The recent synthetic 
methods of manufacturing formic acid has so lowered the price of formates that the 
synthetical rhanufacture of oxalic acid from them has become profitable, and may 
displace the older method When sodium formate is heated to 360* (German 
Patent, 111,078) with sodium carbonate it produces sodium oxalate, thus — 

HCOONa -f NajCOs = Na2C204 -f- NaOH 

Recent patents (German Patents, 144,150, 161,512, 204,895) taken out by the 
Elektrochemische Werke, Bitterfeld, allow a better and almost theoretical yield 
of oxalate by mixing sodium formate with sodium oxalate and about i per cent 
of alkali, and heating, when, apparently, the formate decomposes catalytically, 
thus : — 

HCOONa COONa 

= r + Hg. 

H COONa COONa 

The formate first melts, hydrogen is evolved, and at 360* C the mass solidifies 
again to a mass of technically pure oxalate in a porous condition By heating tn 
vacuo the change occurs at 280’ C , and the evolved hydrogen is pumped off as 
fast as It IS generated and used for heating purposes, etc At the low temperatures 
employed there is no danger of explosion since the evolution of gas ceases instantly 
when the vacuum is broken. 
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The Acid Oxalates of Potassium (salts of son el, salts of lemon, 
KHC3O4 and KHC2O4 H2C2O4 2H2O) are made by adding potassium carbonate 
to a suitable amount of oxalic acid and crystallising. Valuable domestic 
detergents 

Antimony Potassium Oxalate, K3Sb(C204)g 6H2O, is used as a substitute 
for tartar emetic in calico printing 

Uses — Acid potassium oxalate, COO H COOK H2O, is much used as a 
mordant for cloth printing and dyeing, oxalic acid itself is used for whitening 
leather, for metal polishing powders, for removing mk-stains and iron mould from 
cloth, for bleaching steanne and straw (for hats), for dissolving Prussian blue in 
ink-making (see Inks), etc etc 

Statistics — The German exports of oxalic acid and salts are shown by the following 
Bgures 1909,44,709 dz , 1908, 51,787 dz , 1907, 46,827 dz * 

Of these amounts the following countries received — 



1909 

1908 

1907 

USA 

Great Bntain 

France 

Dz 

20,850 

5»478 

4,224 

Dz 

26,368 

4,578 

S. 3 SI 

Dz 

20,681 

8,1 1 1 
4,241 


The German import m 1909 was only 17 dz 

The United States imported in 1910, 4,833,000 lbs. (value $280,000), and in 1909, 9,800,000 
lbs (value $621,000) 


Formic Acid, HCOOH 

Formerly formic acid was obtained by heating oxalic acid with glycerol. It is 
now prepared exclusively by passing carbon monoxide (CO) under 6-7 atmospheres 
over a mixture of calcined sodium carbonate and dry slaked lime, heated to 
1 00*- 1 70* C. t — 

Na^COj -I- Ca(OH)a + 2CO = 2H COONa + CaCO, 

Goldschmidt’s process consists in heating sodium hydrate to 150*^170* C with 
carbon monoxide under 6-7 atmospheres presence Yield theoretical 

To obtain the free acid the sodium formate was formerly distilled with con- 
centrated sulphuric acid, whereby much acid was destroyed It has been recently 
proved (German Patent, 193,509) by the Chemische Fabrik Grunan, Landshofif and 
Meyer, that acid sodium sulphate, NaHS04, may replace the sulphuric acid with 
advantage, since it does not decompose formic acid, and is a cheap by-product of 
the alkali industry The technical sodium formate is thoroughly mixed with finely 
powdered sodium bisulphate, NaHS04 (90 per cent ), and heated in retorts 
provided with stirnng apparatus A 97-98 per cent formic acid distils over, while 
there remains in the retort a mass of finely powdered normal sodium sulphate, 
Na2S04 Aqueous solutions of formic acid are concentrated by distillation in 
columnar stills A special still for continual distillation has recently been patented 
by Hamburgher (German Patent, 206,902) 

Anhydrous Formic Acid is prepared from dilute aqueous solutions by 
neutralising with lead carbonate, drying the lead formate, and decomposing in 
retorts (heated by hot water to 100* C ) in a stream of HgS PbS remains behind 


* I dz = 100 kg ton. 

t German Patents, 212,844, I 79 » 5 * 5 » 209,417, 212,641 
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and anhydrous formic acid distils over, containing some dissolved H2S, from which 
It is freed by redistilling over lead formate. Distilling Na formate with NaHS04, 
as described above, yields an almost 100 per cent formic acid 


Uses — Since Its cheapened production, its use in industry increases rapidly, as 
It combines the properties of an aldehyde, a moderately strong acid, and a powerful 
reducing agent. It can consequently be used for a great many different purposes 
It finds Its chief application in the dyeing industry (especially in wool dyeing) 
where it is replacing acetic and lactic acid, and acid potassium tartrate (argol) 
Large quantities of formates are now used for making oxalic acid It is also used 
as an antiseptic for preserving fruit juices, in brewing it is added to the mash, 
where it stimulates the fermentative power of the yeast, preserves the diastase in the 
malt, and prevents certain acid-producing bacteria from developing , also used in 
tanning 


Statistics — The United States imported m 1909, 809,000 lbs. (value $57,000), and in 1910 
770,000 lbs (value $54,000) of formic acid 

For Acetic Acid see under Vinegar and under Wood Distillation 


Tartaric Acid, COOH.CH(OH) CH(OH) COOH 
LITERATURE 

Rasch — “Die Fabrikation der Weinsauer ” Berlin, 1897 

Stiffel — “Das Raffinieren des Weinsteins und die Darstellung der Wemsteinsaure *’ 
Vienna, 1894 

Dammbr — “Technologie der Neuzeit ” Bd I , 662 1910 (Dr Emde ) 

Allen — “ Commercial Analysis ” Vol 1 1909 

Four varieties of tartaric acid exist, viz , dextro, laevo (which rotate the plane of 
polarised light to the right or left, respectively), optically inactive racemic acid 
(decomposable into the above acids), optically inactive mesotartaric acid (not so 
decomposable) 

The only important commercial variety is the dextro-rotatory variety — ordinary 
tartaric acid 


Manufacture of Tartaric Acid from Wine Lees —Formerly the mam 
raw product for the manufacture of tartaric acid was crude Argol or Tartar — the 
potassium salt of tartaric acid. Now the greater part is made directly from the 
wine lees itself In the winter months there gradually settles out at the bottom 
of the fermenting wine \ats a deposit consisting of yeast cells, acid potassium 
tartrate, grape husks, etc etc When the wine is run off this mass is removed, 
pressed between filter cloths to remove excess of wine, then rapidly dried either in 
simple drying chambers, or in the air itself It is then sold to the tartaric acid 
factories 

The composition of lees is greatly altered by the habit, prevalent in Spain, of 
“ plastering ” the wine by adding to the wine an impure calcium sulphate, whereby 
the tartrate is converted principally into calcium tartrate, instead of remaining 
as acid potassium tartrate 

The composition of some typical wine lees, as imported for manufacture, is 
shown by the following table by Wanngton — 
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Wine Lees. 



Spanish 
Wine Lees 

I 

Spanish 
Wine Lees 

II 

French 
Wine Lees 

Tartaric acid as acid tartrate 

S 27 

22 66 

448 

Tartaric acid as neutral tartrate 

19 13 

11 67 

21 34 

1 otal tartaric acid - 

24 40 

34 33 

25 82 

Water (at 100® C ) - 

10 694 

9750 

II 305 

Sand 

4 900 

4 600 

4 600 

Alumina ----- 

0 832 

0578 

0 844 

Iron oxide . . - - 

0351 

0 214 

0 394 

Lime - - - - 

10 600 

4 514 

10 567 

Magnesia 

0 363 

0 209 

0 327 

KJJ - - - - 

2 123 


I 868 

NasjO 

0 060 


0 100 

P2O, - - - 

0 486 

0 569 

0 527 

CO3 

0388 


0435 

Anhydrous tartaric acid 

21 472 

30 210 

22 721 

Organic matter 

34,448 

33 672 

37 952 


The gieat ditliculty in working wine lees for tartaric acid arises from the fact that 
a slimy mass is produced on adding water or acid, which renders filtration difficult. 
Again only small amounts of tartaric acid (22-30 per cent ) are present, and con- 
sctjuently a very bulky residue remains after extracting the tartaric acid The method 
now most largely used is Rasch’s Neutral Process (German Patent, 92,650). 

The liquid or pasty lees is placed in a rotating closed cylindrical chamber a, 
which IS heated externally by a steam jacket to ioo°-i2o‘’ C Within it are a 
number of heavy balls k, thus giving the chamber the function of a ball mill The 
lees are dried by the heat, and all bacteria and spores killed , at the same time the 
rolling balls grind it up into a fine dust, while any wine or volatile oils present in 
the lees distil away through the pipe b and may be recovered, or if evil smelling, 

burnt m a furnace The 



process takes three hours 
The dry powdered lees are 
now placed in a wooden 
vat provided with stirring 
apparatus, cold water from 
a previous operation is 
added (1,500-1,800 kg. lees 
require 80 hi water), and 
the whole is well stirred, 
next the calculated 


amount of calcium chloride 


solution necessary to form an insoluble calcium salt with the tartaric acid is run 
into the rapidly stirred mass, and then lime water gradually run in until the solution 
IS exactly neutralised, which is tested with litmus The process of neutralisation 
takes three hours The temperature must not exceed 25*" C After stirring for a 
couple of hours longer the precipitate of calcium tartrate is allowed to settle, and 
the supernatant water drawn off More water is added, the whole mass stirred up 
again for one hour, allowed to settle, and again the water is drawn off This 
process is repeated eight times or so. The precipitate now left in the vat has 
added to it sufficient sulphuric acid to decompose all the calcium tartrate present, 
and in addition to provide an acid solution, which prevents fermentation of the 
acid — CaC4H40g + H2SO4 = CslSO^ + €411^00 

The solid and liquid contents of the vat are then passed through the filter press , 
the expressed fluid, of sp. gr. 10* , containing the free tartaric acid is run into 
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cr)'stallising pans, and there evaporated for tartaric acid The first washings of the 
pressed cake are usually added to the tartaric acid filtrate and evaporated with this 
The second wash water, however, is run back into the vat and used with a fresh 
lot of lees 

If the colouring matter of the wine lees has been previously rendered insoluble by treating the 
moist lees with 1-2 per cent, of formaldehyde and drying as above, the mother liquors yield on 
evaporation the first time a crop of white crystals (German Patent, 194,812) The first evaporation 
IS carried out in large wooden vessels lined with lead, heated by leaden steam pipes, and provided 
with stirring apparatus The liquid is concentrated to 25® , the precipitated CaS04 is filtered 

off, and the tartaric acid allowed to crystallise All mother liquors over 25® Be must be concentrated 
in vacuum evaporators as not only is heavy loss avoided but better products of crystallisation are 
attained , the mother liquors when sufficiently concentrated are run out into large crystallising 
pans The mother liquors for c’^ystallising should contain 60 90 g HaS04 per litre When necessary 
the mother liquors are decolourised with bone charcoal (previously extracted with HCl) and potassium 
ferrocyanide Sometimes, but only in exceptional cases, HgS or CaS is added to get rid of lead 
When the tartaric acid is for edible purposes evaporation is carried out in earthenware vessels, thus 
avoiding the introduction of lead into the product 

Manufacture of Tartaric Acid from Argfol, Crude Tartar, or Cream of Tartar —Before 
the method of working wme lees for tartaric acid was understood, almost all the tartaric acid of 
commerce was obtained from this source It is now principally used for making potassium tartrate 

Argot or crude tartar is the crystalline crust deposited on the sides of the vessels used for 
fermentation It contains 40-70 per cent tartaric acid, principally as potassium hydrogen tartrate, 
Kil C4H40g Its deposition is favoured by the fact that the salt is but sparingly soluble in dilute 
alcohol Very low grade Argols resemble superior wine lees, while best quality Argols may 
equal ordinary refined tartar Cream of tartar or refined tartar is obtained by boiling crude 
argol with water, filtering, and crystallising 

To obtain tartaric acid the crude tartar is boiled with water containing chalk, whereby half the 
tartaric acid is converted into insoluble calcium tartrate — 

2KHC4H40fl + CaCOs = CaC4H408 + K2C4H40a + CO^ + HgO 

Calcium sulphate is then added, whereby the remainder of the tartaric acid is precipitated as calcium 
tartrate — 

K2C4HA + CaS04 = CaC4ll406 + IC2SO4 

The precipitated calcium tartrate is strained through a sieve, filter pressed, washed, and converted 
into tartaric acid by treating with sulphuric acid, the CaS04 being deposited and the solution of 
tartaric acid being drawn off and boiled down for tartaric acid crystals as previously described 

CaC 4 ll 40 e + IIaS04 = CaS04 + C4H6O6 

Properties — Ordinary tartaric acid is soluble in o 7 part of cold water and o 5 part of boiling 
water , its aqueous solutions are gradually decomposed from the growth in them of fungus 
Calcium sulphate, lead, and free sulphuric acid may be present in commercial tartaric acid 

Uses — By far the largest quantity of tartaric acid is consumed in the dyeing and calico printing 
industries, being there used as a mor^nt, especially in the form of taitar emetic, KC4H4(SbO)Oe 
It IS also used for effervescing medicines, baking powders, etc , also as a preservative for albumen, 
glue, gelatine, jellies, etc , for medicines, and for making chrysamine 

Tartar Emetic, Potassium Antimonytartrate, K(SbO)C4H40flJHaOi made by making 3 parts 
of Sb203 and 4 of cream of tartar into a thin paste with water, digesting on the water bath for thirty 
minutes, adding 8 parts of water, boiling, and filtering while hot Octahedral crystals, soluble in 
14 5 parts of cold and I 9 parts hot water Used as a mordant in dyeing and calico printing, also 
in medicine 

Statistics — The German import of tartaric acid amounted to 1909, 3,241 dz , 1908, 2,816 dz , 
1907, 2,525 dz 

In the same time she exported 1909, 19,07661 , 1908, 17,259 dz ; 1907, 15,289 

Great Britain received of this amount • 1909, 11,260 dz , 1908, 9,484 dz (i dz =100 kilos = 
about tV ton) 

The total import of tartaric acid and cream of tartar into Great Britain is shown by the 
following figures — 

Tartaric Acid —1906, 36,779 cwt , 1910, 44,584 cwt , value in 1910, 4203,365 

Cream of Tartar —1906, 64,287 cwt , 1910, 81,983 cwt , value m 1910, 43^7, 000 

The export from Great Britain m 1910 was 2,000 cwt (value 48 , 000) of cream of tartar, and 
7,600 cwt (value 431, 000) of tartanc acid 

The United States imported m 1910, 28,400,000 lbs (value $2,232,000) of tartar, and 104,000 
lbs (value $16,000) of tartaric acid 

Citric Acid, COOH CH, C(OH)(COOH) CH, COOH, 

Occurs in the acid juices of many fruits , it is obtained commercially from the 
lemon, the hme, and the bergamot by pressing the fruit, concentrating the 
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expressed juice, heating nearly to boiling and running in, with constant stirring, a 
mixture of chalk and water Calcium citrate is formed, and being more difficultly 
soluble in hot than in cold water, is precipitated After filtering and washing, the 
crude calcium citrate is then decomposed with sulphuric acid similarly to the 
calcium tartrate in the manufacture of tartaric acid Expressed lemon juice is a 
practically pure solution (6 per cent ) of citric acid and is the best raw material. 
The juice, however, is concentrated to 6o per cent citric acid before treating with 
chalk. 

The following table (after Warrington) shows the amount of acid met with in the 
various citric juices which occur in commerce — 



Specific 

Gravity 

Acid 

Combined 
Organic Acid 

Lemon juice, raw 

, , concentrated 

Lime juice, raw English - 
,, raw Sicilian - 

,, concentrated - 

Bergamot juice, concentrated 

I 035 r 040 

I 28-1 38 

I 04-1 05 

I 20-1 25 

I 22 I 25 

Oz per Gallon 

10 6-13 5 

82 112 
II-I3 

6-9 

56-72 

47 55 

Oz per Gallon 

04-07 

86 

03 

085 

6-8 

7-8 


It IS interesting to note that an organism, Mucor ptrtformts (see German Patent, 72,957, 
C Wchmer), is known which ferments sugar directly into citric acid , lemon juice, however, is 
produced so cheaply in Sicily that no wide technical application of this fact has yet been made 

Citric acid was formerly frequently adulterated with the cheaper tartaric acid For detection of 
the adulteration see Alienas “Commercial Analysis,” vol 1 p 508 (1909) 

Commercial citric acid often contains sulphuric acid and lead To free from lead it is treated 
with H9S, completing the crystallisation in non-leaden vessels 

Properties — Crystallises m colourless prisms with i molecule H^O Dissolves 
m three-fourths part of cold water or one-half part of hot water, melts, 7o“-75® C 


Statistics — German imports 1909, 3,990 dz * , 1908, 5,537 dz , 1907, 4,481 dz German 
exports 1909, 3,668 dz , 1908, 4,537 tlz , 1907, 3,566 dz 

The quantity of lime and lemon juice imported into Great Britain in 1910 was 685,557 gals 
(value ^^84,455) 

The United States in 1910 imported 142,000 lbs (value $41,000) of citric acid, lemon and limt 
jnice to the \alue of $6s,ooo, and no less than 4 140,000 lbs of calcium citrate (value $568,000) 


For the manufapiure of Lactic and Butyric Acids see under Fermentation 
Industries, p 315 


Preparation of the more common Aliphatic Chemicals 

II ALDEHYDES 

Aldehydes are produced by oxidising primary alcohols thus : — 

RCn.pH + O = RC< + IlaO 

Primary alcohol 4 Aldehyde 

Of the numerous aldehydes known we will only consider two, viz, Formaldehyde 
and Acetaldehyde 


I dz = 100 kilos = about ^ ton 
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Formaldehyde, H CHO, 

Is at ordinary temperatures a pungent smelling gas condensing to a colourless 
liquid at -21* C It usually occurs in commerce either dissolved in water, when 
the solution is called “ Formaline,’’ or else in a solid polymerised form, (HCHO)3 
known as “Trioxymethylene ” 

1. Manufacture from Methyl Alcohol — The aqueous solution (35-40 
per cent ) is usually made by passing a mixture of methyl alcohol vapour and air, 
obtained by warming the methyl alcohol to 50* and drawing a rapid stream of dry 
air through it over “contact” substances, such as platinum, coke, copper salts, 
unglazed porcelain, etc , maintained at a low red heat The methyl alcohol is 
oxidised to formaldehyde The vapours pass into a number of condensing 
chambers arranged in series ^ in the first two chambers, which are empty, a 35-40 
per cent solution of formaldehyde (“formaline”) is deposited, which may be freed 
from a little unchanged methyl alcohol by distillation 

In the other condensers a very weak aqueous solution of formaldehyde collects 
which IS ultimately brought up to the correct strength by the passage of the 
methyl alcohol vapour '1 he reaction is — CHgOH + 2O — H CHO + H^O 

2. Manufacture from Methane Gas — Several patents have been taken 
out recently for manufacturing formaldehyde cheaply from marsh gas, coal gas, 
coke-oven gas, or in fact any gas containing a considerable amount of methane 

G Clock’s Patent (German Patent, 109,014) consists in passing a mixture of methane, CII4 (or 
a gas containing methane, such as coal gas), and air or oxygen m amount insufficient for complete 
combustion over red-hot “contact” agents, such as pumice, copper, asbestos, etc, a mixture of 
pumice and copper being especially efficient The Sauerstoff- und Sttck 5 toff‘tndmtrte Hansmann 
i3* Co (German Patent, 214,155) use as the “contact agent” merely bark (either in lumps or 
ground), tar, or similar material Here the temperature of formation is reduced from the 600® C or 
so, necessary in the case of other contact agents, to 30®- 50® C The yield is 4 7 per cent of theory, 
and It is proposed to use waste natural gas for the purpose Methyl alcohol and formic acid are 
simultaneously produced 

Mofst (German Patent, 138,442) electrolyses a solution of sodium acetate and sodium perchlorate, 
and obtains at the anode 60 per cent of the theoretical yield of formaldehyde and methyl 
alcohol (i 2) The Bad Amlin- und Soda-Fabrik, Ludwigshafen (German Patent, 185,932), pass 
a mixture of formic acid vapours and hydrogen gas over heated metals, such as iron, nickel, tm, 
lead, etc , or other catalytic agents 

Goldschmidt (German Patent, 183,856) passes the vapour of formic acid over moderately heated 
tin oxide (180* C.). Tin formate is formed, which, at the temperature employed, breaks up into 
formaldehyde, CO^ and tin oxide Most of the formaldehyde at once condenses to para- 
formaldenyde which is easily obtained pure by sublimation, and the method, therefore, is a 
convenient one for the manufacture of paraformaldehyde A considerable amount of methyl 
formate, H COOCH3, is simultaneously produced, and is used either as such, or split by hydrolysis 
into methyl alcohol and formic acid 

Paraformaldehyde is usually made by evaporating an aqueous solution of 
formaldehyde. It then remains as a white amorphous mass, (HCHO)^, which on 
drying passes into trioxymethylene, (HCHO)8 This body volatilises between 
1 80*- 200* C , turning into formaldehyde again. It is sold in the form of pastilles 

Uses — Formaldehyde is used in very large quantities as a disinfectant, especi- 
ally of rooms It is used as a preservative for crude, raw products in tanneries, 
knackers’ yards, soap works, etc It is often added to gums, glues, or starch 
solutions for a similar purpose It is also used extensively in many industries, such 
as in leather making, in the indiarubber goods industry, in photography, etc etc 
It forms an insoluble compound with gelatine, and condenses with phenols, etc , to 
form bone substitute, etc It is also used by gardeners to protect plants from 
parasites 

The Formaline of commerce contains about 35 per cent of formaldehyde, and 
has a sp gr i 079 i 081, as is shown by the follo>Mng table . — 
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Specific Gravity of Formaldkhydb Solution (Formaline) at 18.5* (Zuttke) 


Per Cent 
HCHO 

Specific 

Gravity 

Per Cent 
HCHO 

Specific 

Gravity. 

Per Cent. 
HCHO 

Specific 

Gravity 

Per Cent. 
HCHO. 

Specific 

Gravity. 

I 

1.002 

II 

1.027 

21 

I 052 

31 

I 076 

2 

I 004 

12 

I 029 

22 

I 05s 

32 

1.077 

3 

I 007 

n 

I 031 

23 

1.058 

33 

I 078 

4 

I 008 

H 

I 033 

24 


34 

I 079 

5 

I 015 

15 

I 036 

25 

I 064 

35 

I 081 

6 

I 017 

16 

I 039 

26 

I 067 

36 

I 082 

7 

I 019 

17 

I 041 

27 

1.069 

37 

I 083 

8 

I 020 

18 

X -043 

28 

I 071 

38 

1.085 

9 

I 023 

19 

I 045 

29 

I 073 

39 

I 086 

10 

I 025 

20 

1049 

30 

I 075 

40 

I 087 


Statistics. — ^The United States imported m 1910, 34,000 lbs. of formic acid (value $9,000). 


Acetaldehyde, CH^ CHO, 

Is largely manufactured from the first runnings of rectifying stills in the manufacture 
of spirits. It IS formed by the oxidation of alcohol , when crude alcohol is purified 
by treating with animal charcoal a considerable amount of acetaldehyde is produced. 
Acetaldehyde is sometimes manufactured by oxidising alcohol (3 parts) with 
K^CrgOy (3 parts) and 16 parts of H2SO4 solution (25 per cent ) The acetaldehyde 
(BP. 21* C) distils from the mixture, and is absorbed by dry ether, then dry 
NHjgas is led into the ethereal solution and the aldehyde separated as aldehyde 
ammonia. This, when distilled with dil H^SO^, yields acetaldehyde, which is 
dehydrated over CaClg 

Properties. — Colourless, mobile liquid with a peculiar odour B P. 20 8* C . ; 
M.P. - 120* C ; D^, o 8009 Mixes in all proportions with water and alcohol. 

Uses — For making quinaldine, quinoline yellow, hydrazine, etc 

Paraldehyde, (CH8CHO)3, a liquid polymer of acetaldehyde (obtained by 
treating acetaldehyde with small quantities of acids or salts — such as HCl, H2SO4, 
ZnCl2, etc. — at ordinary temperatures), finds some application in medicine as a sleep 
inducer 


III. ALCOHOLS 

For the manufacture of Methyl Alcohol, see under Wood Distillation. 
For Ethyl Alcohol see under Spirits For Butyl and Amyl Alcohol 
see under Fusel Oils, p 314 

IV. HALOGEN DERIVATIVES 

Methyl Chloride, CH3CI, 

Is obtained from the residues of beetroot molasses, p. 163, by distillation with lime 
The aqueous distillate is neutralised with HCl and the methyl alcohol distilled off. 
The residual liquor is then concentrated, NHXl crystallises out, while the mother 
liquors contain trimethylamine chloride, N(c H8)8 HCl These are evaporated to 
dryness and heated to 350* C. with HCl under pressure, when methyl chloride is 
formed; (CH,)8N.HCl4'3HCl«3CH,Cl + NH4Cl. (Vmcent, see /, 

230, 272; “Jahresber.,” 1878, 1135.) Weinland 6- Schmid (**Ber.” (1905), 38, 
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2327) show that dimethylsulphate readily yields CH3CI when allowed to flow 
into a warm very concentrated solution of KCl — 

KCl + (CH3)aS04 =« CH,Cl + K (CH,) SO4 

To purify the gaseous CH3CI, it is washed with water, dned with concentrated 
H2SO4, and condensed to a liquid m strong steel cylinders 

Properties. — Gas, sweet odour, B.P -24* C. ; M P. -103* C Used in 
making aniline colours ; also for producing cold 

Ethyl Chloride, C2H5CI, and Ethyl Bromide, CgHgBr, 

Are manufactured by mixing concentrated H2SO4 (2 parts) with 96 per cent 
alcohol (i part), and, after standmg, diluting with water part), adding KCl or 
KBr (1 part) and distilling Ethyl chloride, BP 12.5* C, is used as a local 
anaesthetic , it produces great cold when it evaporates Ethyl Bromide, B P 
38* C This preparation is used as an anaesthetic Crude commercial ethyl 
bromide is now made by allowing 6 parts of bromine to slowly flow into a mixture 
of I part red phosphorus and alcohol, shaking and cooling continually during the 
operation It always contains traces of poisonous phosphorus compounds 

109 gals (value ;^534) of ethyl chloride and 77 gals (value, ;ti3) of ethyl bromide were 
imported into England m 1910 The duty on ethyl cnlonde is is lod per gallon, and on 
ethyl bromide is 5d. the lb See also General Anaesthetics 

The import into the United States was 5,800 lbs (value $4,900) in 1910 Duty 30 per cent. 


Chloroform, CHCI3 

I. Manufacture by Heating together Alcohol and Bleaching Powder 

— The action is complex, chloral (see under) being first formed, which decomposes 
in the presence of the calcium hydrate of the bleaching powder into chloroform and 
calcium formate Aldehyde is simultaneously produced — 

4 Ca(OCl)a + 2CaH8(OH) = 2 CCb CHO + CaCla + 3 Ca(OH)a + 2H4O 

Calcium Alcohol Chloral 

hypochlonte 

2CCI, CHO + Ca(OH)8 = 2CHCI3 + Ca(HCOa)2 

Chloral Chloroform Calcium formate 

300 kg. of 96 per cent alcohol and 1,300 1 of water are placed in iron boilers r 40 m m 
height and 2 m in diameter, provided with powerful stirring apparatus, a man hole (for charging 
with bleaching powder), inlet tubes for steam and water, and, in the cover, a tube for leading away 
the evolved vapours into the condenser, which consists of a copper spiral immersed in cooling water 
Now 400 kg of bleaching powder, containing 20-22 per cent available chlorine, is gradually added 
while the stirring apparatus is in rapid action, the man-hole closed, and the vessel heated by steam 
until the temperature reaches 40* C. The steam is then shut off, but the temperature continues to 
increase When it reaches 45* C the stirring is stopped At 60® C the action reaches a maximum, 
and any further temperature increase is prevented by running cold water over the generator A glass 
tube let into the leading tube as it comes from the condenser to the collector allows the operator to 
see at this stage a fine rain of chloroform, water, and alcohol blowing through the outlet tube into 
the vessel for collecting the distillate 

This rigorous action lasts for about a minute, and then chloroform begins to distil over in a rapid 
stream, and is received in tinned iron vessels. The issuing air, saturated with CHCls vapour, is 
caused to bubble through water, and is thus freed from chloroform When about 30 kg of CHClj 
have distilled over, the stirring apparatus is again set in action until the distillate ceases to separate 
out into two layers, the heavy chloroform being underneath At this stage the receiver is changed, 
and the distillation continue until the distiUate ceases to give a turbidity with water, when it 
contains no more chloroform. The receiver is again changed until the distillate Acquires the 
density 3® Tralles The operation is then stopped, the lime being run off through a valve places] 
in the bottom of the generator Yield, 31-31 5 kg Chloroform. The dilute alcohol distilleu over 
is mixed with the requisite amount of aloohol to make it of the same composition as the onginal 
alcoholic charge, and is used again for repeating the operation with a new charge of bleaching pomer 

The chloroform contains alcohol and ether, it is punfied by rectification. 
When it is to be used as an anaesthetic, the commercial chloroform is washed in 

28 
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succession with distilled water, with dilute (2.5 per cent ) (for two to three 

days) , with a 3 per cent, solution of NaOH, and finally again with distilled water ; 
It is dried over fused CaClj, a small amount of poppy-seed oil added, the whole 
distilled, and the distillate, which should boil at 61* C., is mixed with 2 per cent, 
of pure absolute alcohol. This is done because CHClg, especially under the action 
of light, undergoes a slow spontaneous decomposition, with formation of chlorine 
and the poisonous phosgene gas, COCI3 (to whose influence many fatal accidents 
have been traced), the addition of a small percentage of alcohol increases the 
stability of chloroform The chloroform is kept in stout bottles with ground glass 
stoppers, rendered air-tight with chromatised gelatine Pictet purifies CHCI3 by 
freezing at - 70* C to - loo* C., and centrifugallmg the crystalline mass from the 
impure liquid portions. 

2 Manufacture from Acetone and Bleaching Powder— The process 
IS much the same as with alcohol, but the yield is better, 100 kg. acetone giving 
175 kg CHClj 270 parts of bleaching powder are mixed with 800 parts of water, 
and gradually added to 22 parts of acetone and 70 parts of water. CHCI3 is 
generated, with the evolution of heat, and distils off Towards the end of the 
reaction, a gentle external heating is applied 


3. Manufacture by Besson's Continuous Process.— By this process 
(German Patent, 129,237) chloroform is obtained from alcohol in almost theoretical 
quantity, and in an extremely pure state; moreover, the process has the great 
advant^e of being a continuous one Alcohol, as free from water as possible, is 
chlorinated by dry chlorine gas until the chlorination product attains a density of 
25*-35* , or even more, whereby chloral hydrate or a similar body is produced. 

The chlorinated alcohol is now treated with milk of lime or other caustic alkali 
with gentle heating, when pure chloroform is evolved, probably according to the 
equation —CCVCO H + NaOH - CHClg + HCOONa. 

Fig 166 illustrates Besson's apparatus * — 

A stream of alcohol slowly runs from c into the vessel a, flowing in succession over a number of 
shallow trays b, placed one Mow the other as seen in the figure. A stream of dry chlorine gas 
enters by d, meets the stream of flowing alcohol, saturates it, and escapes through h The 
chlorinated alcohol collects in the holder e and thence pours into the fiinneMike base of the 
chlorinator a. Fragments from the vessel — lead chloride, etc., produced by the destructive 
action of chlonne on the leaden walls— can be run off into g, k are steam coils for producing the 
necessary degree of warmth for the chlorination to take place most readily The chlorinated alcohol, 
together with any vapours (which arc condensed in j) flow through a cooler / up the tube 0 into the 
vessel mj which is charged with bleaching powder The mixture is sbwly forced thence, by means 
of a screw worm, through g into the large chamber /, also containing a screw worm r and steam 
heating coils i. A stream of milk of lime is slowly forced into the apparatus from and the worm 
r slowly mixes and forces the mass along the chamber / and out through A The chloroform vapours 
escape through tubes w in the cover of the apparatus, through x into the condenser /, or direct into 
a rectifying apparatus. 

It IS Stated that 100 parts of alcohol yield from 95-105 parts of pure chloroform. 


4. Among other methods of manufacturing chloroform may be mentioned : (a) the electrolysis of 
an alcoholic solution of CuClg (not a commercial success im to the present) * {b) by distilling pure 
chloral with NaOH* — CCl3_CHO + NaOH = CHClg -f HCOONa yields a very pure product; (c) 

with 


when salicylide, ^CgH4 /^\ CO^^ 


^4 — an anhydride produced by warming salicylic acid 

pho^horus oxychloride — is dissolved in crude chloroform, it crystallises out with two molecules of 
CHCl^ On distilling the crystals on the water bath perfectly pore CllClg distils over, leaving 
behind the sahcylide to be u^ again for another operation (Anschutz.) 


Properties* — Colourless liquid, with sweetish pleasant taste and smell. B.P. 
61 5* C , Djg, 1.5008. Wlien used as an anaesthetic contains 2 per cent, alcohol. 

For further information see under Anaesthetics, p 602. 

Uses* — Largely in medicine as an anaesthetic. Technically it is used as a 
solvent, especially for rubber, gutta-percha, etc. Also as a cleansing agent 
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Statistics. — German exports of CHCI3: 1908, i,3CX) dz. ; 1909, 1,480 dz. (i dz. srioo kilos 
s^Ayton.) 

The English import of chloroform was 1,774 (value ;f299), and the export 1,531 lbs. (value 
>^158) in 1910. The duty on chloroform is 4s. 4d. the lb. 

The United States imported in 1910, 967 lbs. of chloroform (value $1,400). The American duty 
is 10 cents the lb. 


Chloral, CClg-CHO ; Chloral Hydrate, CC\^.CH{OH)^ 

Manufacture. — A slow stream of dry chlorine gas is led into 96 per cent, 
alcohol, at first in the cold, but afterwards with gentle warming (60® C.), until HCl 
ceases to be evolved. 7 kg. alcohol require two weeks for complete chlorination. 
The action is complex, but finally chloral, CClg.CHO, is formed as a heavy oil. It 
is purified by treating with concentrated HgSO^, then distilled from H2SO4, dried 
and rectified, the part passing over between 94‘*'95* C. being pure chloral. It 
forms an oily liquid, with a penetrating smell. D^, 1.541 ; B.P. 97* C. On 
keeping it passes into solid metachloral. 



'Fig. 166. — Besson’s Process for the Manufacture of Chloroform. 


To produce chloral hydrate 100 parts of chloral are mixed with 12.25 
of water, when combination ensues and a mass of large monoclinic crystals are 
produced. Chloral hydrate heated with alkalis yields pure CHClg. Heated to 
57“ C. it decomposes to chloral and water. It is used in medicine as a sleep 
producer, but is now being replaced by other more efiicient drugs. (See Hypnotics, 
p. 608). 

The English duty on chloral hydrate is is. 9d. the lb. The English import of chloral hydrate 
was 20,000 lbs. (value £$^400) in 1906, and 28,800 lbs. (value £2,7^) in 1910. 

The American duty on chloral hydrate is 55 cents, per lb. (1910). The United States in 1910 
imported 171,000 lbs. (value $152,000). 

Pol]rchlorals, (CClj-CHO). (see H3rpnotics, p. 608), 

Are produced by treating chloral with amines (such as pyridine) or chloral hydrate 
with concentrated H,S04 German Patents, 165,984, 170,534). They are 
soluble in water and are used as anaesthetics and hypnotics. 
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Dormiol, 

A liquid soponfic, is chloralamylalcoholate, CCI5 CH(OH) produced from 

chloral and amyl alcohol 

Hypnal, 

Similarly produced from chloral hydrate and antiypynne, has the formula ; — 

CnHijNgO.CCl, (OH)a 

Dimethylethylcarbinolchloral, Clg CH(OH) 0 C(CH3)2 C2H5, 

Is produced by warming to 60* a mixture of chloral hydrate and amylene hydrate, 
QH3C(CH3),0H 

Chloralformamide, CCI3 CH(OH) NH CHO, 

Is similarly produced from chloral and formamide 

Chloralacetonechloroform, CClj CH(OH) O C(CCl3) (€113)2, 

Is similarly produced from acetone chloroform and chloral hydrate (German Patent, 
151,188) A valuable local anaesthetic and hypnotic 

Iodoform, CHI3 

Iodoform was formerly exclusively made by warming alcohol or acetone with 
iodine and caustic soda or alkaline carbonate, more recently Dr Marius Otto 
(German Patent, 109,013) made it by simply leading ozone into a mixture of 
potassium iodide (55), sodium carbonate (10), alcohol (300), water (100), warmed 
to 50* C By far the greater part, however, is now made electrolytically, a very 
pure product being thus obtained (Elbs and Herz, Zett f Elektroch , 1897, 4, 113 , 
Forster and Mewes, loc at (1897), 4, 268, pr ch.y 1897, 56, 353) A solution of 
sodium carbonate (5), potassium iodide (lo), alcohol (20), water (100), is subjected 
to electrolysis at 60® C by a current density (anodic) of i ampfere per i sq dm , 
using a porous cell as diaphragm around the anode , the cathode may be surrounded 
with a cell of parchment paper and a stream of CO2 passed through the liquid 
The nascent oxygen set free at the anode liberates the iodine from the KI, which 
then combines with the alcohol and water to produce iodoform . — 

CaHpH + lol + HjO = CHI, + 7HI + COj. 

The iodoform is hourly removed and the solution made up to its original 
strength by the addition of NaaCOg, KI, and alcohol Iodoform is a somewhat 
volatile yellow solid, with a characteristic odour, largely used as an antiseptic 
for wounds 

Statistics — In 1909 Germany exported 216 dz of iodoform and bromoforra (i dz =100 
kiloss^ ton ) The United States import in 1910 was only 31 lbs 

V. THE ETHERS 
Ether, Sulphuric Ether, (C2H5)20, 

Is prepared on a very large scale by heating to boiling (i4o“'i45* C) in a large 
lead-hned vessel a a mixture of 9 parts concentrated H2SO4 and 5 parts 96 per 
cent, alcohol, while simultaneously a constant flow of alcohol into the boiling 
liquid takes place from a tank B through a leaden pipe dipping into the liquid. 
The inflowing alcohol is added at such a rate that the volume of the mixture 
remains unchanged and the continuous ebullition proceeds smoothly without 
breaks. 
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The following action takes place : — 

(1) CaHj-OH + HjSO, = G,Ht.H.S04 + HA 

Alcohol. Sulphuric Ethyl nydrogen Water, 
acid. sulphate. 

(2) C0II6.H.SO4 + C,HoOH = CaH^-O.CaHj + II,S04. 

Ethyl hydrogen Alcohol. Ether. Sulphuric acid. 

sulphate. 

Side actions simultaneously take place, producing sulphonic acids and esters 
(d.^., HO.CH2.CH2.SO2.O.C2H5) which are found in commercial ether (see Prunier, 
Comp, Rend,^ 1897, 124, 1028, 1239). The sulphuric acid, although continually 
regenerated, gradually becomes diluted with water and is partially destroyed by the 
side actions, so that after a time its efficiency ceases. 600 kg. of HjjS04 (sp. gr. 
1.840) suffice to convert 40,000 kg. of 96 per cent, alcohol into ether in the course 
of a six weeks^ continuous operation. 



Fig. 167. — Manufacture of Ether. 


Krafft and Roos (German Patent, 69,115) in their process replace the sulphuric acid by b 6 I 126 flC 
Sull^onic acid and thus avoid the formation of volatile sulphonic acids : — 

(1) C6He.SOsH + CgH.OH = C6H5.SO3.C2H5 + HgO. 

(2) C6H5.SO3.C2H5 + CalijOH = C6H5.SO3H + (C2H5)20. 

A recent proposal by Schroter and Sondag (“Ber.,” 1908, 41, 1921) to replace sulphuric acid by 
methionic aad, CfIo(S03H)2, promises to become important. If a mixture of alcohol and methionic 
acid is heated to 140^ and a stream of alcohol allowed to flow into the liquid as described above, 
ether and water continually distil over while the methionic acid undergoes no change. The method 
is especially valuable for producing ethers of high molecular weights. For example di-iso-amylether 
is produced by merely heating amyl alcohol wiui one-tenth of its weight of methionic acid. 

The ether distilling away from a passes by means of the tube c into the 
condenser d and runs into the tank e, where it is agitated by stirrers with milk of 
lime or sodium carbonate solution in order to remove any acid carried off. 
Permanent gases produced in the reaction ethylene) escape through the 
tube dd into the air, the condenser g returning any ether vapour to d and e by 
means of the tube hh. 
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The crude ether is now drawn off and separated from alcohol by rectifying m 
an ordinary still. It is then carefully rectified in columnar stills. 

Methods of Purifying Commercial Ether. --The usual process for 
purifying ether consists in shaking with water (which removes alcohol) and dis- 
tilling. Dr H. Timpe (German Patent, 124,230) obtains a pure water and alcohol 
free ether without distillation by shaking it with aqueous H2SO4, of 30-50 per cent, 
concentration, which absorbs both water and alcohol Most of the water taken 
up at 18" C may be frozen out by cooling the ether in a freezing mixture. The 
purest sorts of ether are obtained by treating with metallic sodium which destroys 
all water and alcohol, distilling, and keeping over sodium 

The laboratory method of purifying commercial ether consists in washing twice with water, 
keeping two days over calcium chloride, treating with sodium wire for two to three days until 
hydrogen ceases to be evolved, and distilling over phosphorus pentoxide It should be kept m 
stout bottles with stoppers waxed in, or else over sodium wire in a bottle provided with a calcium 
chlonde tube 

Properties — BP. 35* C at 760 mm., M.P. -ii3* C ; Do, 0.736, D^j, 
0.720, 100 parts ether dissolve 3 parts water, 100 parts water dissolve 10 parts 

ether. Vapour very inflammable and forms an explosive mixture with air. An 
excellent solvent for organic compounds. 

Uses. — Used as a solvent and extracting agent, especially in the manufacture 
of celluloid, etc etc Also used as an anaesthetic for minor operations, since its 
vapour produces first intoxication and then unconsciousness 

Statistics — The Enghsh import was . 1906, ii jygals ; Z910, 337 gals , value m 1910, £2^6 
The Enghsh export was 1910, 334 gals (value £1$^) The duty on ether is £i i6s. 6d. the 
gallon (1910). 

The Umted States m 19x0 imported 337 lbs of ether (value |66) The duty is 8 cents per lb 

Methyl Ether, CH3.O.CH3, 

Is prepared from methyl alcohol and sulphuric acid in exactly the same way that 
ordinary ether is prepared from ethyl alcohol and sulphuric acid Colourless gas, 
with ethereal odour, condensing at -21* C. to a colourless liquid i vol. HgO 
dissolves 37 vols. of the gas, i vol. H2SO4 over 600 Used instead of ammonia in 
ice-producing machines. 


VI. THE ESTERS (also called ETHERS), including 
FRUIT ESSENCES. 

These are produced by heating together a mixture of an alcohol and an organic 
acid, usually in the presence of some dehydrating agent, such as sulphuric acid, 
dry HCl gas, etc The mixture is then fractionally distilled. Many esters are 
conveniently prepared by dissolving the organic acid in the alcohol, saturating the 
mixture with dry HCl gas, separating the ester as an oil by adding water, drying, 
and distilling 

Ethyl Formate, HCOOC2H5, 

Is prepared by distilling a mixture of alcohol, oxalic acid (dehydrated), and glycerol 
The oxalic acid splits up into formic acid and CO2. The nascent formic acid 
immediately combines with the alcohol, giving the ester. Volatile liquid, B.P. 
54.5* C. ; used in the preparation of artificial rum and arrak. 

Ethyl Acetate (Acetic Ether), CH3.CO.OC2H3, 

Is prepared on a large scale by boiling together a mixture of alcohol, acetic acid, 
and Hj^S04, usually in a steam-heated copper still, provided with a rectifying column 
The distillate flows into a vessel provided with stirring apparatus, and is there 
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washed with alkah to remove H2SO4, then with water, dried over CaCl^, and 
rectified over calcined magnesia It is less frequently prepared by heating dehy- 
drated sodium acetate with concentrated H2SO4 and alcohol Ethyl acetate may be 
freed from alcohol by heating for thirty minutes with a reflux condenser over P2O5, 
and then distilling. 

Properties and Uses. — Pleasant smelhng liquid, B.P 77 5" C ; used as a 
solvent in making smokeless powder, and in other industries as well Much used 
as a synthetic agent in chemistry, for example in the manufacture of antipyrine 
Also used for perfuming fruit juices, spirits, etc , and in medicine 

The English import of ethyl acetate (acetic ether) was 3,241 lbs (value £221) in 1906; 
1,501 lbs (value, £$7) m 1910 The export in 1910 was only 56 gals (value £2) The duty on 
ethyl acetate is 2s. 7d the pound (1910) 

Glycerol Acetate, Acetine, CgH^ (O CaHgO)^, 

Is obtained by heating together glycerol and glacial acetic acid Used as a solvent 
(possessmg certain advantages over alcohol, etc ), for induline and other colounng 
matters employed by the calico pnnter as a steam colour, also employed as an 
adulterant of peppermint oil and other ethereal oils Said to be employed for 
gelatinising and lowering the freezing point of nitroglycerine (see p. 624) 

Ethyl Butyrate (Butyric Ether), CHg (CH2)2 COOC2H5 

The ethyl butyrate of commerce is really a mixture of the ethyl esters of normal 
but]rric acid, CHg (CH2)2.COOH, and of other similar acids It is obtained 
(i) by distilUng rectified butyric acid with alcohol and sulphuric acid, (2) by 
saponifying butter with caustic soda and distilling the resulting soap with alcohol 
and H2SO4 ; (3) the pod of the carob bean, Siltqua dulctSy is chopped up, mixed 
with chalk mud, and allowed to ferment. The pod contains 2 per cent isobutyric 
acid, (CH8)2 CH.COOH, and 40 per cent, sugar, this ferments to «-butyric 
acid, and, after some weeks, the calcium butyrate is isolated and distilled with 
alcohol and sulphunc acid, when the ester is produced 

The substance is used for flavouring purposes, B P. no*-i2i* C 

400 gals (value ^^278) were imported into England m 1910 The export was 5 gals (value £6), 
The duty on ethyl butyrate is IS lod per gallon 

Amyl Butyrate, CHg (CH2)2.COOC5Hii, 

Is obtained in a similar manner to ethyl butyrate, replacing, however, the alcohol 
by fusel oil amyl alcohol. Used in making ‘‘apricot essence ” 

Amyl Acetate, CHg CO O.CgHu, 

Is obtained from amyl alcohol and acetic acid by heating in the presence of 
H2SO4, distilling, or by saturating the mixture with dry HCl gas, addmg water, 
and separating the oil. Pure amyl acetate boils at 138* C. It has a pleasant 
“pear-hke” odour, and, when mixed with ethyl acetate and alcohol (i : 10), is sold 
as “Pear Oil” for flavounng confectionery, sweets, etc Pure amyl acetate is 
used as a standard oil in photometry (Hefner Lamp). It is also used as a solvent 
for many technical purposes (See pp 49, 298, 312.) 

About 450,000 gals, of amyl acetate are annually employed in the United States as a solvent 
for the manufacture of artificial leather, lacquer, and other industries It is used extensively as a 
solvent for, vanous nitro-celluloses. Butyl Acetate^ produced from butyl alcohol and acetic acid, 
has similar solvent powers to amyl acetate (see p. 314). 

Amyl-iso-valerate, C4H,.CO.OCjHii, 

Is obtained from amyl alcohol from fusel oil by ondising it with potassium 
dichromate and H^04. 5 parts of powdered potassium dichromate are placed in 
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a vessel provided with a reflux condenser. 4 parts of water are added, and then a 
mixture of i part of the amyl alcohol, B P. i29®-i3i*, and 4 parts of concentrated 
H2SO4 allowed to run slowly m A vigorous action ensues, owing to the formation 
first of isO'Vateric acid, which then unites with amyl alcohol to produce amyl-iso- 
valerate, thus . aCgHj^O + 2O2 - (C5H9O) + CjHjqOj 4 3H2O. When the 

reaction slackens the hquid is boiled until iso-amyl aldehyae (known by its suffo- 
cating smell) ceases to escape through the reflux condenser. The liquid is then 
distilled, the distillate neutralised with sodium carbonate, when the amyl-iso-valerate 
separates as an oil. This is run off, dried, and rectified Another method of 
producing amyl-iso-valerate is to distil a mixture of 12 parts dehydrated sodium 
valerate with 8 parts of amyl alcohol and 12 parts concentrated H2SO4 

Properties. — Oily liquid, B P. i88*. Has a pleasant smell of apples, and 
consequently is sold under the name ‘‘ apple-oil ” for flavounng sweets, liquors, etc 

Amyl Caprionate, CHg (CH2)g COOCjHji, 

Is the main constituent of cocoa-nut oil essence or cognac essence, which contains 
as well ethyl esters of capnonic, caprylic, lauric, mynstic, and palmitic acids It is 
obtained from the volatile acids of cocoa-nut oil (formed by saponifying the oil, decom- 
posing the resulting soap by H2SO4, and steam distilling) The volatile acids are dried, 
mixed with amyl alcohol, saturated with dry HCl gas, and heated (H3SO4 may 
be used instead.) After twenty-four hours the ester is separated as an oil by adding 
water, agitated with Na^COg solution, washed with water and rectified 

The substance is used for flavouring artificial cog^nacs. It is very similar to 
wine oil, which is obtained by distilling wine (see p 251) 

Methyl Benzoate, CgHgCOO.CHg, 

Is obtained by distilling benzoic acid and methyl alcohol with H2SO4. Used in 
perfumery as Niobe Oil. B.P. 199.2* C (746 mm ) 

Ethyl Benzoate, QHgCOOCgHg, 

Prepared by action of dry HCl gas on benzoic acid dissolved in alcohol Separates 
as an oil on adding water BP 213*. Used for manufacturing essences and 
perfumes. Also in synthetic chemistry, for introducing the benzoyl group into 
certain synthetic drugs, especially local anaesthetics 

Methyl Salicylate, CeH4(OH) COO CHg, 

Is obtained in a similar manner by distilling methyl alcohol, salicylic acid, and 
H2SO4 Occurs naturally in oil of wintergreen (from Gaultherta procumbens) Used 
in perfumery and in medicine 

Methoxymethylsalicylate, CgH4(OH) COO CHg-OCHg, 

Used in medicine under the name “ Mesotan.” Manufactured by the Elberfelder 
Farbenfabnken (German Patent, 137,585) by heating monochlormethyl ether, 
CHgCl O CHg (prepared by passing HCl gas into a mixture of formaldehyde and 
methyl alcohol), dissolved in benzene, to 40* C (not over) with sodium sdicylate. 
The following action takes place — 

C6H4(0H) COONa + CHg-Cl OCH3 » NaCl + CeH4(OH)COO CHg OCH,. 

The product is washed with HgO, the benzene distilled off, and the oil distilled in 

Ethyl Nitrite, C2H5.NO2, 

Is obtained by mixing 3 parts crude 40 per cent. HNOg with 12 parts alcohol 
(sp. gr. o 834-0.830) and distilling on the water bath until red fumes appear, 
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neutralising the distillate with calcined magnesia, and pouring off from this alter 
twenty-four hours , 3 parts of alcohol are added and then the whole is rectified. 

The substance decomposes, becoming acid on standing, when it must again be 
neutralised with magnesia and rectified. Ethyl nitrite boils at -f i6* C. ; the 
commercial “Ethyl Nitrite*’ is an alcoholic solution of the substance. Used in the 
manufacture of the cheaper kinds of essences ; also in medicine. 

Amyl Nitrite, CgHi^NOj, 

Is prepared by heating pure amyl alcohol from fusel oil (BP 130*-! 31* C.) to 
7o*-9o* C , and then passing in nitrous fumes until the smell of the amyl alcohol 
becomes imperceptible The product is as rapidly as possible neutralised with 
calcined magnesia (or dilute sodium carbonate solution), dried over CaCl^, and 
distilled on a water bath of boiling brine. The fraction 90*-! 00* C. is collected 
and redistilled, when the pure product, B P 96* C., comes over. 

Amyl nitrite is a pleasant smelling liquid used in the manufacture of certam 
mineral waters, scents, sweets, etc , in spite of the fact that the substance is 
poisonous, causing headache, giddiness, and other unpleasant symptoms. It 
is used in the synthetic dye industry for preparmg nitroso- and diazo-compounds. 
Also used to a small extent in medicine 

We append here the constitution of some commercial fruit essences (also fruit ethers) com- 
posed of the above-mentioned esters. 

Apple Essence — Amyl isovalerate, loo , ethyl nitnte, 50 , ethyl acetate, 50 ; acetaldehyde, 7| ; 
alcohol, 793 parts 

Pear Essence. — Amyl acetate, 200 ; ethyl nitnte, 100; ethyl acetate, 50 ; alcohol, 645. 

Apncot Essence — Amyl butyrate, 190 , benzaldehyde, 35 , alcohol, 770. 

Strawberry Essence — Amyl formate, 9 ; butyric acid, 9 ; isovaleric acid, 18 ; acetic aad, 27 ; 
ethyl acetate, 13 , essence of violets, 9 ; alcohol, 915 

Cherry Essence — Amyl acetate, 15 , benzaldchyde, 10; sweet oil of oranges, i ; cassia oil, 2 ; 
lemon oil, 2 , oil of cloves, 2 , amyl butyrate, 8 

Peach Essence — Amyl isovalerate, 100 ; amyl butyrate, 100 , amyl acetate, 20 , benzaldehyde, 
10, alcohol, 770 

See also S3rnthetic Perfumes, p 136 

Statistics. — The United States m 1910 imported 1,000 lbs. (value $775) of fruit ethers. Duty 
b $1 per lb. 
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The illuminating gas industry originated in England with Murdoch in 1792. 
London streets were illuminated by gas m 1813, Pans in 1815, Berlin, 1826 The 
industry is to-day an enormous one England still produces the most gas, dis- 
tilling in 1909 nearly 16,000,000 tons of coal and producing 6,900 million cub yds 
of gas, representing 150 cub }ds per head for the whole country and 292 cub 
yds for London The introduction of AuePs incandescent mantle in 1S85 opened 
a new epoch in the coal-gas industry, which was at one time seriously threatened by 
the electric light industry More recently the introduction of carburetted water 
gas, either alone or more usually mixed with ordinary coal gas (say 10-20 per cent 
carburetted water gas in the coal gas), represents a fresh development, since by 
the addition of this gas the heating and luminous value of the gas can be greatly 
increased, and be made independent of external disturbances 

The production of a luminous gas is now of less importance than formerly, and, indeed, with 
the general introduction of the incandescent mantle, may be dispensed with, the heavy luminous 
hydrocarbons merely serving as sources of heat (a cubic metre of coal gas should yield at least 
5,000 calories). The essential modern improvement, then, consists of producing luminosity not by 
glowing carbon particles [eg, the cause of the lummosity of the candle, oil, and ordinary gas 
flame), but by the more efficient glowing incandescent mantle 

COAL GAS 

General — Coal when heated in a closed space in absence of air undergoes 
destructive distillation, with the production of a residue of (a) coke, (If) tar, 
{c) aqueous fluid, and {d) gas. 
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Besides coal, we find wood, peat, bitnmmons shales, brown coal, bones, certain oils, and 
residues left in the manufiictare of ^et sugar subjected to destructive distillation on the industrial 
scale with the object of obtaining valuable chemical products 

Coal IS subjected to destructive distillation (a) in gasworks, ip) in coke ovens, 
but with very different objects 

In gasworks the main object is to produce gas for illuminating purposes, 
and the other products — such as coke, ammonia and tar — ^are by-products. In 
coke ovens, however, the main object is to produce coke for metallurgical 
operations, the gas, tar, and ammonia being here by-products In gasworks the 
coal IS heated in small closed earthenware retorts, whereas in coke ovens the coal 
IS de-gassed in large' fire-brick chambers 

In Germany the coke ovens are greatly developed, over two-thirds of the total yield of tar and 
benzol being obtained from this source, together with very large amounts of illuminating gas In 
England and the United States, however, coke ovens are but slightly developed, almost all the 
illummating coal gas bemg obtained from gasworks See p 392 

For the economical production of coal gas a special sort of coal — the so-called 
gas coal — must be used, which yields a large amount of gas of good calorific 
power 

Gas coal usually contains 4-5^ per cent H and 5-16 per cent O, but a mere chemical analysis 
yields little information as regards the gas value of a coal , different coals — even when analysing 
the same — often behave quite differently, and the suitability of a coal for gas production is best 
ascertained by actual trial on a large scale. In general i kg of good gas coal (calorific value 
=7,500 calories) should yield 300-350 1. of gas (calorific value, 1,500-1,850 calories) representing 
20-25 ^f heating value of the coal 100 kg of go^ gas coal should yield 16-19 

kg gas= 30-35 cub m , 65-68 kg coke, 5 kg tar, 8 kg ammoniacal water, and 3 kg loss Coal 
on storage undergoes rapid deterioration, a continual loss of gas taking place, as well as surface 
oxidation 


Manufacture of Coal Gas in Gasworks 

The Retorts — In gasworks coal gas is always prepared by the destructive 
distillation of coal in small closed fire-clay retorts, externally heated to from 
950*- 1,400* C. 

Horizontal Retorts. — The most common form is of D-shaped cross section, 
but oval and circular retorts are also known. They are usually set horizontally in 
beds of from three to twelve, heated by the same furnace The walls of the ovens 
support the ends of the retorts, and a number of transverse partitions built in the 
ovens support them at intervals along their length. In large works these retorts 
are usually about 20 ft long, and are fitted with an iron mouthpiece and self- 
sealing lid at each end. In small works shorter retorts, which are closed at one 
end, are used 

A, Fig 170, shows the retorts in cross section, and Fig 168 represents a longi- 
tudinal section through the furnace. 

The heating is now invariably done by gas firing in regenerative furnaces, the heat of the 
burnt gases being utilised in heating that of the entering air. By this means an enormous saving 
in the amount of coke used for mring has been effected — the old coke fires required for every 
100 tons of coal distilled about 30-40 tons of coke burnt, against 12-1^ tons now required. 
Consequently at the present time at least 80 per cent of the produced coke is available for sellmg 
Moreover since gas fires give a much greater heat (1,400” C in the hottest part), a large yield of 
gas is simultaneously obtained. 

The firing gas, prmapally CO, passes mto c (Fig. 168) from the gas-generator B, aqd 1$ 
here mixed with a stream of pre-heated air, and burns, encircling the retorts as it does so on every 
side ; the hot burnt gases pass away through a system of brickwork channels, running parallel to 
which IS a similar and separate system of channels conveying the entering air, which is thereby 
intensely heated before it enters the gas chamber The exhausted gases finally pass away through 
D. Immediately under the generator b is a water-tank over the surfiice of which the ontenng 
air passes, so that it enters B charged with moisture, which has the double effect of cooling the 
gas-producer, thereby prolonging its life, and of produemg a little water gas. The gas generated 
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in the retorts passes away up the tubes gg. Usually the gas is sucked out of the retorts by the 
exhauster (p. 393), so that the gas inside is at a pressure slightly less than atmospheric pressure (the 
pressure must not be too low or air is sucked in). This is done in order to withdraw the heavy 
hydrocarbon gases as rapidly as possible from the heat, in order that they may not be decomposed. 
Nevertheless much gaseous decomposition occurs, and in consequence the inner walls of the retort 
become lined with “retort carbon.** Much of this carbon goes over as a fine dust with the gases 
into the hydraulic main. 

At the close of the operation, when all the gas has distilled over, the lid of the retort is loosened, 
the issuing gas carefully ignited, and the gas remaining in the retort allowed to burn quietly away. 
The coke is then raked out and rapidly quenched with water. The retorts are recharged as soon 
as possible after the withdrawal of the coke. The charging is often done by hand by means of 
long shovels (“scoop-chargers*’), worked by three men. In larger installations, however, a 
mechanical charger is used, usually consisting of a travelling trolley running on rails up and down 
in front of the retorts and fitted with a “ scoop-charger** and coal hopper. 

In West’s manual charging machine, worked by two men, there is a double scoop which is fed 
with coal from the hopper. When full the scoops are pushed into the retorts by a rod and 
reversed by means of a handle attached to the rod. The charger is then withdrawn. An apparatus 
for breaking up coal is also provided, with an elevator for transferring the broken coal to a nopper 
which supplies the hoppers of the chargers as required. A mechanical drawing apparatus is also 
used. This consists of a rake which is manipulated by means of a bar held in channel guides. 

Modern machine stokers, e,g, Fiddes- Aldridge, charge and recharge at one stroke. 

The retorts"last for I -3 years, being kept 
during the whole of that time at a brignt 
red heat. 

Inclined retorts set at an 

angle of 30®-36® have come into use 
during recent years. These are 
usually about 15 ft. long, and of 
D-shaped cross section. The coal 
is poured into the retorts from a 
hopper, and the coke is withdrawn 
by opening the door at the lower 
end, when it falls out of itself, thus 
greatly diminishing the manual 
labour of charging and discharging. 

Vertical retorts have been 
tried, but until recently with little 
success. Now, however, there are 
on the market vertical retorts which 
are far superior to the horizontal 
retorts above described. It was 
formerly thought that the coal 
would swell up and prevent the gas Fig. 168.— Longitudinal Section of Gas 

escaping freely, so that the resulting Retort Furnace, 

gas would be largely decomposed, 

and be poor in heavy hydrocarbons. Trial, however, has shown that the exact 
reverse holds true, the gas being of excellent quality on account of the fact that the 
inner core of coal remains relatively cool almost to the last, and the gas, escaping 
rapidly through this core, comes out rich in heavy hydrocarbons. The coke pro- 
duced is denser and harder than that of horizontal retorts, the tar much thinner, 
and the yield of ammonia 50 per cent, greater, while that of the cyanides is smaller. 
Moreover, much less space is taken up by the retorts, and charging and discharging 
are especially easy — the retorts being made slightly larger at the base, so that the 
coke readily falls out, while the charging occurs by means of overhead hoppers. 

Fig. 169 shows a vertical cross section of the new vertical retorts of Dr Bueb’s system as erected by 
the Dessauer Gas Anstalt. R are the retorts, ten retorts in two rows, or eighteen retorts in three rows 
usually going to a furnace. G is the gas generator, which is fed with coke through ef. The pro- 
ducer gas, mixed with air, circulates as a very hot flame around the retorts in the flues n^ the hot- 
burnt gases passing out through the regenerators w, where it gives up its heat to the entering air, 
and finally escapes through the smoke-flue r. The retorts are charged with coal by the hopper a, 
and the coke withdrawn below, being discharged through c into a trench d* The gas escapes 
dirough the hydraulic main v into the gas-main H, while the tar runs away by k. 
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ContiiiuOttS carbonisers, such as WoodalUDuckham and Gl&ver’-West^ have also been tried» 
and have proved veiy successful. Also coking chambers— similar to coke ovens — consisting of 
horizontal or inclined chambers, 2-3 m. high, and of a considerable length, holding 10-15 tons of 
coal, with a period of distillation of twenty-four hours (also continuous working ones), have been 

tried, and are fairly satisfactory. 



Fig. 169. — Bueb’s System of Vertical 
Gas Retorts. 


Course of the Distillation.-;- 

A temperature of about 1,000® C. is 
required for the de-gassing of coal ; for- 
merly a temperature of 960® C. was 
deemed sufficient, but now it is com- 
mon to go up to 1, 200®- 1, 400® C., 
and coal which has been heated to 
1,500® C. still retains some H, N, and 
O. In general, the higher the tem- 
perature and the longer the period of 
heating the larger the volume of gas 
produced. The gas which comes off 
first at the lower temperatures is rich 
in heavy hydrocarbons and possesses 
much illuminating and heating power. 
The last portion of gas, obtained at 
the highest temperature, consists prin- 
cipally of hydrogen, and is of poor 
illuminating power. In other words, 
the lower the temperature of produc- 
tion the better the quality of gas but 
the smaller the quantity. A large 
volume of gas is invariably produced 
at the expense of its quality. 


The following table shows this, the numbers referring to the volume of gas produced by distilling 
100 kilos of English gas coal at various temperatures : — 


Tenipeiature of Distillation. 

Volume of Gas 
Produced in 
Cubic Metres. 

Candle-Power 
of Gas. 

I. Dark red heat, 800*- 1,000® C. - - - 

234 

20.5 

2. Bright red heat, 1,000®- 1,100® C. - 

27.5 

17.8 

3. White heat, 1,200®- 1,400® C. 

i 34-0 

15.6 


The coal undergoes a loss of weight of 17-18 per cent. The following numbers show the 
variation in the composition of the gas evolved in successive stages of the distillation, the gas being 
collected in three successive lots of equal volumes : — 


Stage of Distillation. 

H. 

CH*. 

CO. 

Heavy 

Hydrocarbons. 

CO 2. 

Residue. 

1. First gas evolved • 

2. Intermediate gas - 

3. Last gas 

Per Cent. 
(Vol.) 
28.3 i 
49.0 
55-3 

Per Cent. 
(Vol.) 
46.6 
31-7 
27.2 

Per Cent. 
(Vol.) 

8.1 

8.8 

Per Cent. 
(Vol.) 

9.4 

4‘3 

1-7 

Per Cent. 
(Vol.) 

4.0 

2.0 

1.8 

Per Cent. 
(Vol.) 

2.3 

4.9 

5-2 


The various portions of gas when mixed together analysed as H = 45.2 per cent., CH4=35 per 
cent., CO=:8.6 per cent, heavy hydrocarbons =4. 4 per cent, and re8idue=4.8 percent — all by 
volume. The original coal analysed as €=77.2 per cent, H=:5 percent, 04 -]^= 9. 3 percent, 
H20 = 2 per cent., ash =6. 5 per cent, and yielded 17.7 per cent by weight of gas =30. 2 cub. m. 
per 100 kilos. 
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The N contained in the coal passes over partly as NH3, partly as free N, a small fraction escaping 
as HCN, pyridine, quinoline, etc. The S (usually 0.5-1 per cent., sometimes 2 per cent.) escapes 
principally as H2S and CS2, but part remains behind in the coke. 

Purification of the Crude Gas. — The gas coming from the retorts is very 
impure, containing tar, moisture, ammonia, sulphuretted hydrogen, hydrocyanic 
acid, naphthalene, etc., from which it must be freed before use. 

The crude gas passes out of the retorts by the ascension pipes gg (Figs. 168 and 1 70), 
which lead it into X\\^ hydraulic main v (Fig. 170, shown in section in Figs. 168 and 
169), where the bulk of the tar and moisture condense. The hydraulic main usually 
runs along the top of the retort bench, and the dip pipes which enter it are sealed 
by the liquid in the bottom of the main. This liquid consists of a layer of tar 
above which is a layer of ammoniacal liquor, both layers being deposited by the 
gas which has previously passed through. The tar and ammoniacal liquor are 
drawn off by a pipe so as to keep a constant level of both liquids. The hydraulic 
main is often divided into several sections, each of which is provided with an 
outlet pipe passing into a large main f (Fig. 170) known as the foul main. The 
water seal in the hydraulic main is sometimes replaced by mechanical devices 
known as anti-dips. 

The gas is partly freed from ammonia, carbon dioxide, hydrogen sulphide, and 



Fig. 170. — Section of Gas Works, 


cyanogen by the liquor in the hydraulic main. It now passes into the air-con- 
densers B (Fig. 170) where it is further freed from a quantity of tarry matter by 
deposition. In some works vertical condensers are used, but often the pipes, which 
are from 50-80 ft. long, are arranged in nearly horizontal rows which are exposed to 
the air. They are connected to a second row which passes underneath the first and 
so on ; frequently there are about a dozen of these rows of pipes, one beneath the 
other, and cooled in summer by dripping water. Then the gas (especially in 
Continental works) is subjected to water cooling in c c, which is specially useful in 
hot weather. 

Even after a very thorough cooling a portion of the tar remains suspended in the gas in the form 
of fine drops. Conse<^uently in many works the gas passes into a “tar extractor,” where it is made 
to pass through a series of perforated iron plates. Fig. 171 shows Pelouze’s form, consisting of a 
hanging bell a suspended in water and made up of three layers of finely slit iron plates. The fine 
tarry drops in the gas condense to larger drops in passing through the slits, and so are separated. 
A regulator F raises or sinks the bell, and so regulates the rate at which the gas passes. Some 
ammoniacal liquid and practically all the tar is sei^arated by this device. 

Either before or after the tar extractor is placed the exhauster. This is 
really a pump used to draw the gas from the retorts and condensers and to force 
it through the washing and purifying apparatus. Sometimes fans or blowers are 
used for this purpose, when the gas has to be driven a considerable distance 
through small mains. 


29 
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The gas now enters the water scrubbers d (Fig. 170). In some of the older 
works these take the form of tall towers packed with coke or wooden checker- 
work, down which water or weak liquor from the hydraulic main and condensers 
mixed with the washings from the last stage of the washing process is caused to 

trickle. Two at least of these scrubbers are used 
in series. More usually, however, some form of 
washer scrubber is used in which the gas is passed 
in fine streams through water or dilute liquor. 
Such scrubbers are far more efficient and occupy 
much less room. 


In the “Standard’* washer scrubber (Fig. 172) bundles 
of iron, or a combination of wood and iron B B, attached 
to a horizontal shaft F are slowly revolved, and thoroughly 
wetted by passing through water or weak liquor placed in 
the bottom of the washer. The gas is caused to pass 
through the wet bundles. The liquor passes through the 
apparatus in the opposite direction to the gas so that as the 
latter becomes more pure it meets a stronger solvent. Two 
such scrubbers in series are used, the first being fed with 
dilute liquor and the second with water. In the most 
modern form of this scrubber the bundles are made entirely 
of wood. The “New” washer scrubber has discs covered 
with bundles of Brazilian bass {pia^aha) fibre which press 
against the faces of the sections of the scrubber and the gas 
passes between the wet fibres. Between each pair of 
scrubbing chambers there is a still chamber. 



Fig. 171.— Pelouze’s Tar _ , , , ^ , 

Extractor. In many works the gas before passing into the 

water scrubbers is passed through a scrubber half 
filled w’ith tar oils of B.P. C. in order to extract the final residues of 

solid naphthalene, C10H3. 


Although most of the naphthalene is condensed with the tar, yet some passes on as a vapour in 
the gas (i cub. m. gas at 30"’ C. can hold i g. CioH„, at o® C., 0.15 g.) and can lead to stopping 
up of the smaller section gas pipes. These tar oils take up over 16 per cent, naphthalene and are 



Fig. 172. — “ Standard ” Washer Scrubber. 


then run off into the tar well. Since the tar oils could also extract benzol from the passing gas, they 
are charged with about 3 per cent, benzol to start with. 

In the scrubbers practically all the ammonia, much CO2, and some HgS and 
HCN are removed. The resulting ammoniacal-gas water contains about 2 per 
cent. NHg. The gas, however, still contains volatile sulphur compounds (princi- 
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pally HgS with a little CSg), HCN, and COg To remove these the gas now 
passes through a senes of purifiers^ e (Fig 170). These are usually rectangular 
iron vessels, the dimensions of which vary according to the amount of gas for 
which they are intended. The sides of the lid dip into a water seal Inside these 
vessels are placed horizontal wooden (sometimes cast-iron) grids, placed one above 
the other. The punfying material is spread on these to a thickness of about 8 in 
The gas enters the purifiers at the bottom and passes out at the top. In some 
Continental works a different method has been recently introduced m which the 
horizontal grids are replaced by composite grids which are so arranged as to cause 
the gas to traverse the purifying material chiefly in a horizontal direction 

A complete set of purifiers consists of eight vessels arranged in four pairs As 
usually arranged the first pair are charged with slaked lime, the next two with 
hydrated ferric oxide mixed with sawdust or wood chips, and the third pair with 
sulphided lime (hydrated lime through which gas containing HgS but no COg has 
been passed). The last pair act as check vessels and contain lime and ferric oxide, 
or Weldon mud Sometimes the iron oxide in the second pair of purifiers is 
replaced by Weldon mud which is essentially a hydrated manganese oxide and acts 
in the same manner as the ferric oxide In this case the arrangement of the 
purifiers is sometimes altered, the second pair containing the sulphided lime and 
the third pair containing Weldon mud. The first pair always contains slaked lime. 
At first the COg and HgS m the gas are absorbed by the lime in the first 
purifiers, but as the free lime gets used up the H2S is liberated by further quantities 
of CO^, so that ultimately all the HjS passes on into the second pair of purifiers 
where it is absorbed by the moist ferric oxide (or Weldon mud), with the formation 
of iron (or manganese) sulphide. The gas then passes into the third pair of 
purifiers where the CS2 is absorbed by the sulphided lime. It then passes through 
ihe last pair which remove any remaining traces of HgS, and finally passes to the 
gas holder. 


Frequently the sulphided lime vessels are left out, and sometimes the purification of the gas 
after leaving the washer scrubbers is limited to passage through hydrated feme oxide only or 
through slaked lime alone 

This dry purification is not very perfect, since traces of sulphur (o 5 o 6 g. per cub m ) and HCN 
still remain 

The chemical actions which take place are very various and complex The slaked hme takes up 
C02* (Ca(0H)2 + C02=CaC03 + H20) It also takes up HgS, forming CatSH),, which then 
reacts with any CS2 forming the sulpho-carbonate, CaCSs CO2 gradually decomposes the Ca(SH)2, 
thus C02+Ca(SH)2 + H20=CaC08 + 2H2S. Moist iron oxide unites with the H2S, thus 
2Fe(OH)i|-f-3H2S = Fe2S3 + 6HaO, and the iron sulphide may be regenerated either by exposing 
to air in heaps, or by mixing a little air (1-1.5 per cent ) with the ^as passing through the generator, 
when S is set free FeaS3 + 30 = Fe208 + 3S, and further HgS is simultaneously oxidised m the 
presence of the moist iron hydroxide HaS + O = HgO + S, which here acts as a catalytic agent 
When the iron hydroxide contains 40-50 per cent free sulphur it becomes useless for purifying and 
IS removed. 

Hydrocyanic acid, HCN, does not unite with the Fe(OH)8 but with the iron sulphide, forming 
Prussian blue, Fc7(CN)i8 A part, however, unites with the NHs and HoS to form NH^S.CN, 
ammonium sulphocyanide Where it is important to remove all HCN, the gas is (previous to 
passing into the punfiers) passed through a 20-25 cent solution of FeS04 4 *NH 8 contained in a 
standard scrubber, when the insoluble ammonium ferrocyamde, (NH4)3Fe2 Fe(CN)8, is deposited, and 
one-third of the ammonia is fixed as ammomum sulphate; FeS04+H2S + NHj=FeS-KNH4)2S04. 

E. V. Evans has shown (see J, Soc, Chem Ind,, 1915, 34, 9) that can be completely 
removed from gas by passing it over a catalytic nickel. 

Carburetted Coal Gas — The luminosity of coal gas is sometimes increased 
by the addition of the vapour of very volatile hydrocarbons This process is 
usually known as carburettmg. The most common oil used for this purpose is 
^*carburine” or light petroleum oil, but petroleum spirit is sometimes used, and 
also benzol. 

The carbunne is placed in a steel tank which is sunk in the ground It is pumped as required 
from this tank to the evaporator which contains a number of tubes heated externally by means of 
steam. The carbunne passes through these tubes and in doing so becomes vaporised. The 
vapour then passes on through a regulating valve and an injector into the gas mam. The amount 
of vapour added to the gas is controlled by the regulating valve. 
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The following analyses show the difference effected in the composition of the 
gas by the purifying process : — 



Impure Gas 
from Retorts. 

Purified Gas. 

H 

Vol. per Cent. 

46 

Vol. per Cent. 

49 

CH4 

32 

34 

CO 

8 

8 

Heavy hydrocarbons, C2Hg, CgHg, etc. 

4 

4 ' 

NHs - 

I 


HaS 

I 

trace 

CO2 

4 

I 

Free N 

4 

4 


100 

100 


Mixed Coal Gas. — Of rapidly increasing importance (and which may in the 
near future lead to a great change in the whole gas industry) is the practice of 
adding carburetted water gas (see below, next section) to the extent of 10-20 per 
cent, to the coal gas. By this means the illuminating and heating power of the 
gas may be increased to almost any desired extent, while the gas company is 
rendered largely independent of the changing seasonal demand for gas, and of the 
partial failure of the coal-gas supply by an unforeseen accident. 

The following analysis shows the composition of a purified coal gas mixed with 
20 per cent, carburetted water gas : — 

H CH4 CO ^ 

Percent vol. := 50 27 14 4 ... ... i 4 


Storage of the Gas is effected in large gas-holders (k, Fig. 170), “gasometers,” of capacity 
10,000-200,000 cub. m. — the largest in the world being in New York (5CX>,ooo cub. m.), which 
swim in deep water channels. The gas is distributed by means of a network of pipes, the main 

gas pipe being best of tarred cast iron, and I yd. in diameter. 
Through leakage in the distribution often 5 per cent, of gas 
is lost, though great improvements in this respect are now 
made. Usually 25 per cent, of the cost of the gas is due to 
the cost of the distributing pipes. 

The quantity of gas used is measured by means of a 
“gas meter,” which usually consists of a vessel half filled 
with water (or better, glycerol water to prevent freezing in 
winter time), and in which a drum rotates, which is divided 
into four compartments, a, a\ a\ a'", as shown in Fig. 173. 
The gas enters the drum at^, and escapes through / and e. 
As the gas gradually enters at it forces the drum to rotate 
in the direction of the arrow, and the motion being com- 
municated by means of the axle on which the inner drum 
rotates to a clock-work arrangement, gives the amount of 
gas which has passed through. The level of the liquid in 
the gasometer must be kept the same (by the addition of 
water) if the readings are to remain the same. Dry gas 
meters are also in use, consisting of two leather bags, one 
of which fills as the other empties; also automatic njeters, 
a penny slipped in causing the delivery of a certain fixed 
volume of gas. . 

The pressure of the gas in the gasometer usumly amounts 
to 70-80 mm., and passes out at the burners at a pressure 
of 25-30 mm., although now higher pressures than this are 
being used. 



Fig. 173. — Gas Meter 
(Section). 


Gas Leakage. — As small an amount as 0.02 per cent, volume of gas can be detected by its 
smell, which is due to traces of organic N and S compounds. When gas filters up through earth it 
sometimes loses all smell, and is then detected by palladium chloride paper, which turns black 
owing to the precipitating of metallic Pd by the CO. Long breathing of air containing only 2 per 




WATER GAS 


397 

cent, of coal gas (=o. 1-0.2 volume per cent, of CO), causes poisoning, i volume gas -I - 6 volumes 
air IS a maximum explosive mixture. Mixtures of less than s per cent, gas or more than to per cent 
are non-explosive. ^ 


CARBURETTED WATER GAS 

Water gas is the general name for the mixture of gases obtained by the 
decomposition of steam by means of incandescent carbon. In practice either 
anthracite or coke is used, and the gases consist of a mixture of hydrogen, carbon 
monoxide, and carbon dioxide. The reaction is endothermic, so that heat must 
be applied or the incandescent carbon soon becomes cooled, when the reaction 
ceases. 

The mixture of gas burns with an intensely hot flame which is non- 
luminous. When it is to be used for illuminating purposes it must, therefore, 
be enriched by adding volatile hydrocarbons obtained by ‘‘ cracking ” or heating 
to a high temperature 
crude petroleum products, 
which burn with a highly 
luminous flame. A second 
reason for adding these 
hydrocarbons is to render 
the gas odorous, for the 
mixture is very poisonous, 
and being without smell it 
is highly dangerous unless 
thus mixed with some gas 
whose powerful odour 
renders it easy of detec- 
tion. This mixture is 
known as carburetted 
water gas. 

It is usual to pre- 
pare the volatile hydro- 
carbons (oil gas) and the 
water gas simultaneously 
in the same plant. The 
gases are mixed as soon 
as formed, and are then 

generally submitted to a ^ ^ 

high temperature in Fig. 174. — Humphrey & Glasgow’s Carburetted 

order to prevent the sub- Water Gas Plant, 

sequent deposition of 

the hydro-carbons, which before this final heating are not strictly permanent 
gases. 

The forms of plant for the manufacture of carburetted water gas are very numerous and variable* 
They ^y, however, be broadly classed under two heads: (i) The continuous system, in which 
steam is passed uninterruptedly into a chamber containing the anthracite or coke, which is main- 
ained at the requisite temperature by external furnaces. This system secures a continuous supply 
of gas but is not economical, as a considerable portion of the heat is lost in passing through the 
walls of the chamber. It is very little used. (2) The intermittent system, in which steam and air 
are alternately blown into a mass of incandescent fuel, usually in opposite directions. The steam is 
decomposed by the hot carbon with consequent cooling of the mass, which is then raised to the 
required temperature by means of the air blast. All the common forms of plant at present in use 
belong to this system. They are all arranged so as to secure the production and mamtenance of a 
sufficiently high temperature (about 1,000“ C.) in the generator, the presence of a sufficient depth of 
fuel, and a means 01 regulating the supply of steam and air. 

F^. 174 shows Humphrey & Glasgow’s apparatus. The generator A is a steel shell lined 
with firebricks. It is charged with anthracite or coke which is ignited and submitted to an air-blast, 
which is forced in through the tube g and enters at v. Part of the fuel bums to CO2, which, 
passing up through the hot coke, bums to producer gas (C02+C=2C0). This passes away 
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through $ and enters the carburettor b, passes down this and then enters the superheater c at the 
bottom by means of the tube p Both carburettor and superheater are steel shells lined with fire- 
brick and filled with brick checker- work , simultaneously with the entrance of the gas into them 
a stream of air from g is blown m through the side tubes //,/, causing the CO to burn and 
thus heat the bnckwork in B and c to a red heat ; the gas then passes out of the furnace through 
the opened stack valve z, escaping into the air as CO2 In the Lowe process, as practised in the 
U.S. A , the production of CO and the subsequent blowing in of air into B and C to bum it is avoided 
by blowing air very rapidly through the producer a, so that a sufficiency of oxygen is present all the 
time, and only very hot CO2 passes away into B and c and heats them to the required temperature 
When the proper temperature of the different parts of the apparatus is obtained the air blasts are 
shut off, bemnning with that of the superheater c, and the stack valve z is closed Steam is then 
blown into 3 ie generator A through the tube and is decomposed by the hot carbon in A according 
to the equation HgO -f C= CO + H2. It then passes into the carburettor as water gas At the same 
moment the oil is introduced into the carburettor b, being pumped in through the tube h, and 
falling on the red-hot bricks in B is gasified, its vapours mingling with the v^ater gas and passing on 
to tlie superheater c, where the oil vapours are permanently gasified, and thence through / (where 
the incoming oil is preheated by the hot gas) into the washer D (consisting of a tower filled with 
coke down which water trickles), where it is washed and cooled, finally passing away at Y to the 
purifiers and the gas-holder V^en the temperature of the mass of coke becomes too low the steam 
is shut off, the stack valve z opened, and the air-blast readmitted 

The gas thus prepared contains rather less than 3 per cent of carbon dioxide, 
and about o 2 per cent of sulphuretted hydrogen It is practically free from 
ammonia and the other impurities commonly found in coal gas The purification 
of the gas is, therefore, a comparatively simple matter • it is simply washed and 
passed through two *‘lime” and two “ferric oxide purifiers in series. Sometimes 
a fifth purifier is added as a check to ensure the complete removal of carbon dioxide 
and sulphuretted hydrogen. The purifiers are similar to those used in coal-gas 
purification, but those containing the lime must be large on account of the high 
percentage of carbon dioxide present m the gas • 

Since water gas (without the admixture of oil gas) possesses a calorific value of 2,500 calories per 
cubic metre, and pure oil gas one of 8,600 calories, it is clear that by gasifying a suitable amount 
of oil It IS easy to obtain a gas of calorific *.3^6=5,000 K and of 16 candle-power illuminating 
power, and even of 20-25 candle-power (with more oil) Hence the addition of only 10-20 per cent 
of this rich carburetted water gas to a poor coal gas very essentially improves it (see pp. 389, 396) 

Very often “Cold Carburetting is resorted to in Germany, the agent being 
benzol (CeH^, B.P. 81®, which at 10® C. can exist as vapour to the extent of 200 g 
per cubic metre in water gas, corresponding to 6 per cent by volume), and the 
carburetting is effected merely by leading the water gas through a tower down 
which a ram of warm benzol is falling 


OIL GAS 

Just as coal gas is prepared by the destructive distillation of bituminous coal, 
so oil gas IS prepared by the destructive distillation of mineral oil. Several processes 
are in use for the manufacture of this gas, by far the most important of which is the 
“ Pintsch process The gas is formed by the vaporisation of mineral oil The 
most important oils used for this purpose are “ Mineral seal ” oil, Scotch shale oil, 
and Russian “ Solar ” oil 

The manufacture of oil gas on the Pintsch system is carried out in gasworks 
somewhat similar to those used for the production of coal gas, but on a smaller 
scale The mam building is usually divided into three divisions, the retort chamber^ 
the purifying chamber^ and the engine-room The gas-holder is placed at one end of 
the building, and the high-pressure storeholders at the other. 

Fig 175 shows a typical Pintsch oil gasworks The oil is placed m a large tank 
sunk m the ground outside the building, from which it is pumped as required into a 
small cistern placed over the retort bench A pipe leading from the cistern conveys 
the oil to the back ends of the upper retorts, the rate of flow being controlled by 
means of suitable valves. These retorts, which may be of cast iron or fireclay, and 
which are of Q -shaped section, are set horizontally in pairs one above the other 
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and connected by cast-iron mouthpieces at one end They are heated by means of 
the firebrick furnaces a. The upper retorts contain sheet-iron trays, which are some- 
times filled with coke, along which the oil flows to the front of the retorts, whence 
It descends through pipes to the lower retorts. The oil, which has now become 
changed into a thick yellow vapour, passes from the back of the lower retorts down 
the descension pipes into the hydraulic matriy and thence through the condensers b, 
which are usually plain vertical iron cylinders, and the washer c, into the purifiers d 
T he latter are somewhat similar to those used m coal gasworks * the lower portion 
contains water, above which are wicker trays (usually three in number), covered by 
a layer of about 2 in. in depth of lime, or a mixture of lime and sawdust. The 
gas is caused to pass through the water and over the lime and thence through the 
meter e into the gas-holder f. It is finally pumped from this holder by means of 
the compressing engines o into the high-pressure storeholders h, where it is kept at 
a pressure of 10 atmospheres for a short time in order to enable some of the heavier 
hydrocarbons to settle out as a liquid at the bottom of the holders, after which it is 
ready for use. The tarry matter deposited in the hydraulic main, condensers, etc , 
is conveyed by means of pipes into the tar tank j, the quantity of tar thus obtained 
being usually about 5 to 6 gals, per 1,000 cub ft. of gas 

Popds system of making oil gas is very similar to the above, but the oil is passed 
in a fine spray into the lower retort whence the vapours pass into the upper one for 
fixing There are no trays in either retort. 

Keith's system is designed to give a large volume of gas, though at the expense 
of the quality. In order to effect this the retorts are flattened towards the middle of 
their length, thus promoting the contact of the oil vapours with the hot surfaces of 
the retort at this part 

In Tatham's process about 15 per cent, of oxygen is added to the oil gas in order 
to increase the candle-power. 

Oil gas consists of a mixture of CH4, C2H4, C2H2, CgHj, etc , possessing a very high illuminating 
and heating power ; but it will only burn smokeless from burners with very narrow slit orifices 
Since oil gas can be easily prepared in small plants and requires only a very simple purification, 
It was formerly much used for lighting factories or houses remote firom gasworks, but has now 
been displaced by electric light The principal users are the railway companies, who deliver it com- 
pressed to 10 atmospheres at the stations, and it is stored in the iron holders under the railway 
carriages under 6-8 atmospheres pressure. Until recently acetylene gas (25 per cent ) was mixed 
with It to improve its illuminating power, but now pure oil gas is again used, being burnt m special 
inverted incandescent mantle gas-burners, giving cheaper light than electric light 

The great advantage of oil gas over coal gas is its power of retaining a large portion of its 
luminosity when compressed. Both gases under these conditions deposit liquid hydrocarbons, but 
whilst coal gas loses nearly the whole of its illummating power oil gas only loses a comparatively 
small portion. It is therefore particularly suitable for use wherever it is necessary or desirable to 
store the gas under pressure, as m railway carriages, steamboats, lighthouses, and buoys 


AIR GAS 

Air gas IS the most serious rival with which acetylene has so far had to compete. 
It is economical, safe, and clean, the light is excellent, at least when used with 
incandescent mantles, and there is no troublesome by-product to be got rid of. It 
consists of a mixture of air and the vapour of some volatile hydrocarbon, usually 
petrol or carburine, but sometimes benzol. The mixture may contain too little 
hydrocarbon to form an explosive mixture or too much, i.e,, it must either con- 
tain not more than 2 per cent or not less than 7 per cent, of petrol vapour 
In the first case the gas is always used with mantles as it burns with a non- 
luminous flame, in the second it may be so used but is usually burnt in self- 
luminous burners. The plant for the production of this gas is very simple. 
There are several types, differing in detail and more or less in efficiency and 
safety. 

A good type is that supplied by the Non-ExpIosive Gas Company. 

A small hot-au engine M heated by a Bunsen burner, which burns the air gas itself, drives • 
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Root’s blower I. and thus forces a current of air through the carburettor F, where it mixes with 
the hydro<»rbon vapour. The hydrocarbon is placed in a tank z beneath the carburettor. Inside 
this tank is a horizontal axle baring six— or in the most modern forms twelve — arms, each of 

which carries a tipping bucket C 

a which empties the hydrocarbon into 

a feed pi^ B leading into the car- 
burettor F. The latter is a large pipe 
about 3 in. in diameter, inside which 
are overlapping ledges. The petrol 
vapour flows over these, and, owing 

Q to the large surface exposed, quickly 

volatilises. The air gas passes from 
, ^ the carburettor f, up tne tube P, 

lij through a meter K, into the holder, 

) which is of iron and is always of 

s * ^ small size — alx)ut i8 in. high and 

1 diameter for plants supply- 
ing j j I ing less than a hundrecf lights. The 

j j ! j I axle of the drum of the meter is 

L.i: • • jJ extended through the front and is 

^ " — » coupled up with the axle carrying the 

M r I * m] tipping buckets in the petrol tank, 

I ; I ;• so that the rate at which the latter 

j 1| revolves, and therefore the rate at 

Sr-rr*' ,* which the hydrocarbon is supplied to 

\ \^ — — j the carburettor, is regulated by the 

■Jt y I 1 ..y l ^ XX X rate at which the drum of the meter 

j j J \ !“*’■ is turning, which in its turn depends 

S I “ju j upon the rate at which air passes 

fih 1 • ^ V i throu^^h the carburettor, and the 

iiXr ** 1 resulting gas passes through the 

I meter. By this means the percent- 

^ w ! ! ^6® hydrocarbon vapour is kept 

■ ii5r' *■ .Ml" { constant. 

“t' 

I i The gas is consumed in 

burners with small inverted 

/T’,. « J > mantles. The oil usually em- 

(The Non.Explos.vc A.t Gas Co. Ltd., London.) petroleum ether, B.P. 

35°-6o' C. 


NATURAL GAS 

in some parts of the world, especially in America, immense stores of natural 
gas under great pressure have been obtained, generally when boring for oil. This 
gas is conveyed in pipes to the various towns where it is required for use, chiefly 
for metallurgical purposes. The composition is variable. 
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Acetylene, CgHg, is the simplest member of the acetylene senes of 
unsaturated hydrocarbons having the general formula CnH« ^ 

Acetylene is a gas at ordinary temperature and pressure it occurs in small quantities in coal gas 
and IS produced during the incomplete combustion of methane, ethyl alcohol, coal gas, and other 
substances. 

It may be synthesised from its elements by causing an electric arc to pass between carbon poles 
in a current of hydrogen 

Acetylene may also be produced by various other methods which have, however, become only of 
academic interest since the discovery of calcium carbide by Wilson in Canada, and Morissan in 
France, in 1892 The growth of the carbide and acetylene industry since that date has been 
phenomenal, and its history forms one of the romances of science 

For commercial and industrial purposes acetylene is now produced entirely by 
the interaction of calcium carbide (Vol II ) and water — 

CaC 2 + 2H2O «=» C2H2 + Ca( 0 H) 2 . 

Pure acetylene is said to be almost odourless, the well-known and distinctive unpleasant odour 
usually associated with this gas being due to impurities, chiefly phosphorus compounds (see below) 

Acetylene has a theoretical specific gravity at o® C of 0 9039 (air=l) which may be compared 
with Leduc’s experimental value of o 9056 The critical temperature of acetylene is 37® C and the 
critical pressure nearly 68 atmospheres At lower temperatures acetylene is liquefied at a less 
pressure, but owing to the fact that it is liable to decompose or dissociate into its elements with ex- 
plosive violence even under a pressure of 2 atmospheres, the manufacture, storage and use of 
liQuefied acetylene is prohibited by law, but this does not apply to “dissolved acetylene,” 
wnich see 

Acetylene is readily soluble in water, 100 vols of water dissolving about 95 vols of C2H2 
at ordinary temperature and pressure ; it is less soluble in brine, lime-water or calcium chloride 
solution, which facts are occasionally taken advantage of in practice For details as to solubihty in 
acetone see under “ Dissolved Acetylene,” p 405 

Acetylene has an ignition temperature in air of 4o6®-440® C (Dixon and Coward), Mixtures of 
acetylene and air have a very wide range of explosibility ranging from 3 35 to 52 3 per cent, of 
acetylene by volume Acetylene is readily polymerised by heating, the chief product bemg benzene 

(CcHfl). 

The heat of combustion of acetylene has been determined by vanous experimenters. It may be 
stated to be 363 large calories per gramme-molecule Numerous attempts to determine the tempera- 
ture of the acetylene flame have also been made Under ordinary circumstances it may be taken 
at about 2,500® C. in air, and 4,000® m oxygen (see Welding). 

Total heat generated per cubic foot of acetylene is 1,500 B.T.U* 14,200 calories per cubic 
metres 12,200 calories per kilogram burnt) 2^ vols oxygen are required, theoretically, for the 
combustion of 1 vol. acetylene. In welding 1.6 vols. of oxygen to i vol. acetylene give b^t results 
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Calcium Carbide is manufactured in the electric furnace, as described in 
Vol. II , the raw materials being lime and coke or anthracite coal. 

The principal impurities to be guarded against in the raw materials are phosphorus, sulphur, 
silica, magnesia, iron, and alumina, which either give rise to impurities in the evolved acetylene or 
difficulties in the manufacture of the carbide 

The storage of carbide m this country is governed by an Order in Council under the Petroleum 
Acts, which together with local bye-laws and regulations should be studied by intending users of 
acetylene. 

The Analysis of Calcmm Carbide and Acetylene. — In the space at our disposal it is im- 
TOSsible to more than briefly indicate the impurities that should be estimated for technical purposes 
Full details as to the methods to be employed will be found in the volumes of The Acetylene ana 
Welding Journal mentioned under ** Literature” and in Lunge and Keane’s “ Technical ^Iethods of 
Analysis 

Apart from the gas-)aeld of carbide, the question resolves itself into an estimation of the 
impurities present in the acetylene evolved under proper conditions 

The gas-yield can best be estimated by decomposing a known weight of carbide in a suitable 
generator, and passing the gas through a standardised meter All the water employed should be 
first saturated with acetylene and the mean of several results taken Owing to the difficulty of 
sampling, as large a c^uantity of carbide as possible should be ernplo) ed , for this reason estimations 
earned out under ordinary laboratory conditions cannot be relied upon. 

The regulations of the British Acetylene and Welding Association which govern the purchase 
and sale of carbide m this country enjoin that the carbide when broken to standard size (1-2^ in 
or larger) shall yield not less than 4 8 cub ft. per lb at standard temperature (60® F ) and pressure 
(30 m ) 

A latitude of 5 per cent shall be allowed for analysis For other important details the 
regulations, which may be obtained from the office of the Association, 103 and 104 Cheapside, 
London, E C , should be consulted 

The only impurity specified is phosphoretted hydrogen, which must not exceed o 05 per cent, by 
volume, with a latitude of o 01 per cent 

It is desirable also to test for sulphur compounds and ammonia in the acetylene and also to 
ascertain the tem^rature and speed of reaction between the carbide and water. The former should 
not exceed icw* C. 


Acetylene for Domestic and Industrial Purposes 

Until recent years acetylene was used almost solely as an illuminant for the 
lighting of pnvate houses, churches, institutions, also less extensively for street and 
public lighting 

Owing to the great improvements that have been made in the construction of Bunsen burners, it 
may now be quite satisfactorily employed for heating and cooking purposes, and also m con- 
junction with specially prepared mantles for incandescent lighting. 

The acetylene motor, also, is almost if not quite an accomplished fact, but space will not 
permit of a description here Acetylene is used largely for marine signals, beacons, and buoys, 
and for temporary lighting with portable generators, nare lamps,” etc Acetylene motors, motor 
cycles and bicycle lamps are too well known to need any description ; it is obvious, however, that 
owing to contingent circumstances acetylene generated and used under such conditions is placed at 
a great disadvantage 

Acetylene generators as ordinarily employed for domestic and industrial 
purposes may be divided into two classes . (i) Non-automatic, and (2) Automatic. 
These again may be divided into carbide-to-water and water-to-carbide generators. 

Bnefly, in the non-automatic type a quantity of carbide is decomposed at a 
stated time, and the whole of the gas liberated is collected m a gas-holder for 
future consumption ; in the automatic type, the carbide is decomposed in limited 
and stated quantities for immediate consumption, the reaction between the carbide 
and water being regulated by the consumption of the gas 

A complete generating plant consists of a generator, washer, condensers, gas 
holders and purifier, with the necessary connections, valves, etc 

Our illustrations depict (Fig. 176) a non-automatic carbide-to-water plant, also 
(Fig. 177) the well-known “Carbic” plant in which cakes of carbide are used 
specially prepared by soaking in oil or fat. 
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These plants are typical of the classes mentioned and are made by some of the best known 
acetylene engineering firms in the United Kingdom. The diagrams are self-explanatory. We are 
indebted to “The Rosco” Acetylene Co., of 130 York Street, Belfast, and “Carbic” Ltd., 
London, for permission to use these illustrations. 

The purifying materials employed, chiefly for removal of the phosphorus 
compounds, are based either on bleaching powder or chromic acid. The former 
substance, however, has several drawbacks in use, and is being replaced by the more 
satisfactory chromic acid compounds. 

One of the best known purifiers is “heratol” which is stated to consist of an acid solution of 
chromic acid absorbed in “ Kieselguhr.” A more recently introduced material is known as 
“ Catalysol” (French Patent, 434,137, 12th September I9ii,and French Patent, 440,207, 15th 
February 1912, P. J. Granjon). 

This consists of kieselguhr, 350 parts, soaked with a solution of ferrous chloride (40® Be. ), 640 parts ; 
mercuric chloride, 8 parts ; precipitated manganous acid, 2 parts. The mixture is exposed to the 
air until the ferrous salt is completely oxidised, when it forms a yellow powder which may be used 
until it becomes white. The oxidation and revivification is facilitated, it is claimed, by the incorpora- 
tion of a small quantity of copper sulphate (or other copper salts) with the liquid or mass. 



Key to Diagram . — (a) Generator. (b) Water Inlet to Generator, (c) Overflow, (d) Water 
Seal, (f) Water Overflow of Seal, (l) Patent Carbide Feed-Valve, which consists of a 
tiottow Plug Tap with Handle (m) ; when the Handle (m) is turned upwards the hollow of the 
Tap can be filled with Carbide ; on giving the Tap a third of a turn the Hollow of the Plug is 
cut off from the outer air and is opened to the Generating Tank so that the Carbide contained 
in it is discharged over a Distributor (r) unto the Tray (n) which is in the water in the Generating 
Tank. (?) Cock for removal of Sludge, (j) Scrubber and Seal Pot through which Gas passes 
to Holder. (h) Water inlet to Scrubber, (k) Overflow of Scrubber. (o) Gasholder. 
(t) Dry Purifier. 


One of the chief advantages of this material is that when exhausted it may be revivified by 
exposure to air. Both in the case of heratol and catalysol there is a gradual change in colour 
as the material becomes exhausted, but the degree of purincation of acetylene may always be easily 
ascertained by placing a strip of filter paper soaked in nitrate of silver solution in a stream of the 
gas as it issues from a burner. If efficiently purified the test paper will not darken. 

We have mentioned that acetylene may be used with incandescent mantles with 
special burners, but the acetylene must be rigorously purified and used at a 
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higher pressure than when ordinary atmospheric burners are employed. This is 
not altogether a disadvantage, as the gas may then be more satisfactorily employed 
for heating and cooking purposes. 

The gas is forced into the burner at 80-100 mm. pressure (water column). Burners using 15 and 
25 1. per hour give lights a 25 and 40 candle-power respectively. 

In this country, however, the use of atmospheric burners such as the well-known ** Elta,” 
“Luta,” “Cyka,’* and the “Roni,** made by Messrs George Bray & Co., Ltd., of Leeds, are 
almost exclusively employed. All acetylene generators and apparatus should conform to the 
regulations of the British Acetylene and Welding Association. 
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Oxy-Acetylene^ Welding. — For the autogenous welding of metals and 
alloys, also for cutting purposes, the oxy-acetylene welding process is making 
phenomenal progress, and bids fair to eclipse all other welding methods. 

For the low-pressure system of welding, the acetylene is obtained from a suitable generator as 
described above, in the hi^h-pressurc system the is obtained from a cylinder of dissolved 
acetylene, under pressure; in both cases the oxygen is generally abo obtained from a cylinder. 
Special welding and cutting blowpipes are employe, also suitable welding rods, and in some cases 
flukes are required. The process is of the widest application and is largely used both for con- 
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structional and repair work, but serious work should not be attempted or permitted without expert 
tuition and guidance. Welding schools have been formed at many of the chief industrial centres 
and courses for workmen, works managers and engineers are held regularly. 

For further details of the process reference should be made to the 
works mentioned under “Literature.” Welding blowpipes, valves, 
manometers, etc., may l)e obtained from the British Oxygen Co., Ltd., 

Westminster, and most acetylene engineering firms. 

Dissolved Acetylene. — As mentioned previously acety- 
lene is readily soluble in many organic liquids, notably acetone. 

Advantage is taken of the fact, and at the same time the 
difficulties and dangers connected with the manufacture of 
the compressed gas were overcome, in the manufacture of what 
has become known as “ Dissolved Acetylene.” The largest, 
and until recently the only, firm manufacturing dissolved 
acetylene in the country is the Acetylene Illuminating Co., 
of Lambeth Road, S.W. According to their process the 
washed, cooled, and purified acetylene is pumped under pres- 
sure in cylinders apparently filled with a suitable porous 
material saturated with acetone. 

I vol. acetone takes up, under 12 atmos. pressure, about 100 vols. of 
acetylene. 

Dissolved acetylene is employed chiefly for high-pressure oxy-acetylene 
welding, motor car and railway carriage lighting, and for marine signals 
and beacons. 

For railway carriage lighting, etc., carburetted acetylene has been 
employed. This consists of a mixture of acetylene and a hydrocarbon 
vapour such as benrol, but its emplojTnent has not become very extensive. 

Acetylene in the Chemical Industry. — The appli- 
cations of acetylene for lighting, heating, and especially weld- 
ing purposes are many and varied, notably in the construction 
of chemical plant and vessels, drums, etc., but apart from 
these applications acetylene is finding an ever widening field 
of usefulness as a chemical agent as the basis of new and 
interesting compounds. 



Fig. 178. — Acetylene 
in Acetone. (Acety- 
lene Illuminating 
Co.) 


Calcium Carbide, the “ raw material ” for the production of acetylene, has itself become an 
important substance in the chemical industry as the starting-j)oint in the manufacture of various 
compounds of nitrogen such as the cyanamides, cyanides, ammonia, etc. (see Vol. II.). 

The compounds of acetylene with chlorine 
are already well known. They take the form 
of more or less volatile liquids, and may re- 
place the highly inflammable carbon disulphide, 
ether, benzene, etc., in the extraction of fats 
and ()ils, etc. 

Acetylene tetrachloride or tetrachlorethane 
may l)e obtained by the direct union of acety- 
lene and chlorine under the influence of light, 
l)Ut the reaction sometimes proceeds with ex- 
plosive violence. It is manufactured according 
to one process by passing acetylene and 
chlorine alternately through a mixture of finely 
divided iron and chloride of sulphur. The tetra- 
chloride is distilled off and the residual sulphur 
converted into the chloride for use again. 

Among other processes enjoining the use 
of acetylene that have been suggested or 
patented may be mentioned the manufacture 
of phenol liy a process devised by Berthelon, 
as well as tlic production of various sulphuric 
tlerivaiives of acetylene, which apparently, 
however, have not been carried out on a commercial scale. 

By heating a mixture of acetylene with either of the oxides of carlnin, or by passing the oxide 
over heated carbide, free carbon is obtained in the graphitic state. These reactions are stated to be 
utilised in Frank’s process for preparing a carbon pigment. Another process for the production of 



Fig. 179. 
The “Koni ” 
Single Ori- 
fice Burner. 



“ Ella ” Burner for Acety- 
lene. Can be turned low 
like coal gas burners 
without carbonising. 

Acetylene Burners. (Bray.) 
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acetylene black consists in passing an electric spark through acetylene under pressure. This causes 
the gas to dissociate with the formation of carbon and free hydrogen. II has been manufactured this way. 

In a German Patent (1907) special claim is made tor the action of mixlurcs of aci lykne and 
air in oxygen on a mixture of copper and nickel, as well as on other metals or their oxides or salts, 


Fig. iSi. — Oxy*Acetylene rlame used as Rail-Piercer. A is Oxy- Acetylene 
Heating Jet, B is the Oxygen Jet, c is the Centering Bit ; A and B 
Revolve. (Carhic Ltd., London.) 

whereby plastic masses arc obtained. The products contain only w ry small proportions of the 
metal (less than 0.2 per cent.) which manifestly acts as a catalyst. 

It has l)cen proposed to manufacture alcohol on the commercial scale by making use of the 
reaction that takes place between hydrogen and acetylene in the presence of platinum black, but the 
cost would be prohibitive. The following processes, however, liave a direct bearing on this 
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Fig. 182. — Cutting Armour Plate 9 inches thick with Oxy-Acctylene Flame. 
(Supplied by Carhic Ltd., London.) 


According to a French Patent (1910) acetylene and hydrogen are separately generated, and then 
mixed and heated under a suitable pressure, ethylene being formed, which is then converted into 
ethyl liydrogen sulphate by the action of sulphuric acid in a special apparatus. 

In the second process, for making acetaldehyde and its condensation products and polymers, a 
current of acetylene is passed into a solution of a mercuric salt in at least 45 per cent, sulphuric acid. 
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or in at least 25 per cent, phosphoric acid, preferably at ordinary temperatures (below 70“ C. ), but 
the temperature required varies with the strength of the acid solution. 

The formation of higher condensation products, such as crotonic aldehyde, is greater the higher 
the concentraton of acid used. The process can be stopped at intervals in order to separate the 
products by distillation, or the aldehyde may be precipitated by the addition of a neutral salt. It 
IS advisable to carry out the reaction preferably in an atmosphere of acetylene, and to keep the 
liquid well cooled during the process. 

In conclusion it may be mentioned that calcium carbide, acetylene, and its derivatives, are being 
studied by the chemists of all nations, and although in the majority of cases the results so far 
obtained have not been of great commercial value, these researches may have an important bearing 
on the future of the acetylene industry. 
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INCANDESCENT GAS LIGHTING 

Bv Ernest A. Lancaster, B.Sc. 

The manufacture of incandescent gas mantles is described in Vol. ii. It suffices to say that a 
mantle consists of a skeleton of silica impregnated with a mixture of 99 per cent, thoria and I per 
cent, ceria. 

Until 1891 Welsbach’s mantles were scarcely successful, but in that year he succeeded in obtaining 
the cerium and thorium rare earths in a perfectly pure condition, and made the remarkable discovery 
that while pure ceria and pure thoria scarcely yielded more light than other incandescent solid bodies, 
yet a mixture of the two in the above proportions yielded an intensely brilliant light. The cause of 
this phenomenon is not understood ; it is certainly 

not a pure temperature effect ; the presence of the ® 

trace of ceria seems in some catalytic manner to 

enable the thoria to convert more heat energy ^ ( Wj 

into light energy than properly corresponds to its ^ ■itH ^ 

actual temperature (“luminescence”). Moreover, 
this effect is only displayed in burning gases. 

In the old '^verticaV^ Welsbach burner the ^ 
mantle is suspended in the hottest part of a Bunsen jf ^ 

flame by means of an asbestos thread slipped over [I @ jj 
the top of a vertical rod. With a gas consump- ^ Jj 

tion of 3I-44 cub. ft. per hour it gives a light jy 

initially of 8o*ioo candle-power, but sinking to 
60 candles after some time. The mantle has an 
average life of 1,000 burning hours. ( 

During recent years inverted burners and 
mantles have come very largely into use. The 
mantles are considerably smaller and last longer, 
while the light efficiency is greater than in the 
case of the upright mantle. 

Fig. 183 shows a modern inverted burner. 

The gas enters at the supply being regulated 
by the screw r and the proper amount of air is 
mixed with it by the hole at d. Passing through 
the tube b the gas reaches the fireclay tube c on 
which the mantle g is supported at h. Here it 
burns, a supply of fresh air being sucked in from 
outside through //. The hot burnt gases now 183.— Modern Inverted 

stream up past the tubes carrying the incoming Incandescent Burner, 

supply of gas (thereby preheating the entering 
gas and effecting a great economy in heat much 

after the manner of the regenerative furnace), finally escaping into the air at ee. k is a glass globe. 
Such a light yields 80-100 candle-power for a gas consumption of only 3-3.2 cub. ft. per hour. 

The above discussed burners are suitable for ordinary gas supplies delivered under a pressure of 
I in. water column (25 mm. say). 

Where intense lighting is required, as in the ca.se of street lamps of 1,000-5,000 candle-power, 
this is obtained by using various patterns of high pressure and intensifying burners in conjunction 
with apparatus for increasing and regulating the pressure of the gas supply. 

In Berlin the gas is supplied at several stations at a pressure of l-ij metres (3i-5 ft.) water 
column. It should be noticed that with the advent of the incandescent mantle quite non-luminous 
flames, e.g.^ that of water gas, methylated spirit, etc., can be used. The problem of using petroleum 
lamp oil for generating hot non-luminous flame for use with the incandescent mantle has not yet 
been entirely solved, but it can be shown that were this done it would furnish one of the cheapest 
sources of light. 

The intreSiuction of recent improvements in electric lighting, especially the introduction of metal 
filament lamps (tantalum, osmium, wolfram), has put new life into the industry, and has again made 
electric lighting capable to compete with gas for private houses. 

The Hewitt or Hermes quicksilver lamp gives a greenish flame very rich in ultra-violet rays, 


Fig. 183. — Modern Inverted 
Incandescent Burner. 


furnace), finally escaping into the air at ce. k is a glass globe. 
)wer for a gas consumption of only 3-3.2 cub. ft. per hour. 

I suitable for ordinary gas supplies delivered under a pressure of 
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and consequently much used for medical purposes, testing the fastness of dyes to light, fo 
photography, etc. 

For intensive lighting the electric arc is still the cheapest, as the following table shows : — 


Source of Light. 

Candle- 

Power. 

Cost per 
Hour.* 

Cost per 
Candle-Power 
per Hour.* 

Gas or Power Used 
per C.P. Hour. 

Heat 

Evolved per 
C.P. Hour. 

Coal gas — 

Wenham lamp - f 

no 

d, 

0.64 

d. 

O.OO 5 S 

3.7 1. gas 

Cals. 

20 

Incandescent mantle, vertical 

80 

o.i8 

0.0023 

1.5 

8 

,, ,, inverted 

80 

0.14 

0.0017 

1. 1 „ 

6 

Alcohol incandescent light 

60 

0.44 

0.0073 

2 g. alcohol 

^3 

Acetylene gas - - - - 

25 

0.28 

0.01 12 

0.6 1. CgHg 

8 

Petroleum oil lamp - 

25 

0.18 

0.0072 

3 g. petroleum 

30 

Electric light — 

Carbon filament lamp - 

25 

0.30 

0.012 

3.2 watts. 

1-3 

Osram lamp - - - - 

50 

0.20 

0.004 

I.I „ 

1*3 

Glass globe arc light - 
Naked arc light 

400 

1.4 

0.0035 

0.8 „ 

<i 

1,500 

1.8 

1 0.0012 

0.3 .. 

<i 


* Varies with locality. 


TECHNICAL GAS ANALYSIS 

By Ernest A. Dancaster, B.Sc. 

The chemical analysis of a gas is carried out by Hempel’s gas apparatus (Fig. 184). A 
measured quantity of gas in the burette A is forced by means of a pressure-tube c into contact with 

various reagents contained in the pipette B, whereby various con- 
stituents in the gas are absorbed, and the diminution in volume 
noted after bringing the gas back to A and restoring the original 
pressure by c. A separate pipette is used for each reagent, the 
most usual absorbents being ; — 

Potassium Hydrate Solution for the absorption of carbon 
dioxide. 

Alkaline P^ogallate Solution for the absorption of oxygen. 
Cuprous Chloride Solution for the absorption of carbon 
monoxide. 

Alcohol for the absorption of hydrocarbons. 

Bromine Water (or Fuming Sulphuric Acid) for the 
aVjsorption of olefines. 

In the examination of coal gas, oil gas, etc., the constituents 
are tested for in the following order: (i) Carbon dioxide; (2) 
olefines and benzol ; (3) oxygen ; (4) carbon monoxide ; (5) hydro- 
gen and methane ; (6) nitrogen. 

The hydrogen and methane are burnt (after the removal of 
the other constituents) by mixing with an excess of oxygen and 
exploding the mixture in a Hempel explosion pipette containing 
mercury instead of an aqueous solution. The decrease in volume 
after sparking gives the quantity of hydrogen, and the further 
decrease in volume due to the absorption of carbon dioxide by 
potassium hydrate solution gives the quantity of methane originally 
present, since the combustion of a given volume of methane gives 
the same volume of carbon dioxide, according to the equation — 
CH4 -p 2O2 ~ CO2 + 2H2O. 

The volume of nitrogen is then found by difference. 

For water-soluble gas, NH3, H2S, mercury is used in the 
pressure tube burette. Ammonia in small quantities is determined 

by — H2SO4, and sulphur obtained by burning with O to H2SO4 

in special apparatus. More than O. i g. NHg and 0.5 g. S per 
cubic metre is inadmissible. The specific gravity of the gas is determined in special gas balances. 

The most poisonous constituent of coal gas is the carbon monoxide, which when breathed to the 
extent of o. 1-0.2 volume per cent ( = 2 volumes per cent, coal gas) causes headache, insensibility, 
and ultimately death. 

PHOTOMETRY 

By Ernest A* Dancaster, B.Sc. 

The measurement of the illuminating power of two sources of light is important 
(photometry), and is determined by means of photometers. 





Fig. 184. — Hempel’s Gas 
Apparatus, 
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Fig. 185.— Simniance-Abady Steel Tube “Flicker** Photometer, 
(A. Wright Co., London.) 


The most common forms of modern photometers are varieties of the old 
“ Bunsen ’* or “ grease spot ” photometer, which consists of a white, unglazed paper 
screen with a grease spot at the centre. The two sources of light are placed on 
opposite sides of the screen, and the latter is then moved about between the two 
lights until the grease spot appears equally illuminated with the rest of the screen, 
from whichever side it is viewed. The illuminating powers, Lj and Lg, are then 
given by the equation : — 

ia = ^ 

L2 

and being the respective distances of the lights from the screen, 

“Flicker** photometers are 
especially useful for comparing 
lights of different colour. In 
the Simniancc-Abady “flicker” 
photometer a white sighting 
wheel (Fig. 186) with eccentric 
l)evelled edges is caused to re- 
volve, by means of clockwork, 
between the two lights under 
examination. Above the wheel 
is a total reflecting prism and a 
short liorizontal telescope, the 
whole forming the photometer 
head. On looking througli the 
tele.scope tlic upper portion of 
the edge of the .sighting wheel 
is seen as a disc. As long as 
tile illuminations of the two 
sides of the edge of the sighting wheel arc unequal the disc will he s.a n to llieher, hut \\hen 
the w'hcel is liroiight into such a position (by sliding the ]ihotonuter luad along a liar l)etween 
the lights) tliat the illuminations are equal, the flickering ceases, and a steady disc is obtained. 
The reading is then taken. The liar is graduated in candles power s(; that if a standard of unit 
power is employed, no calculation is necc.ssary. Fig. 185 shows the instrument. 

The Lummer-Brodlum photometer is another modern type of photometer, the characteri-stic 
feature of which is an optical device for viewing both sides of the screen at once, the light 
reflected from them being seen as two adjacent fields of vision. 

Light Standards. — It is necessary to choose some source of light as a 
standard, and to express the illuminating values of all other sources of light in 
terms of this standard. The original standard chosen was a candle burning at a 
given rate, hence the illuminating power of all sources of light is always expressed 
in candle-power. 

30 



Fig. 186.— Sighting Wheels for Simmancc-Abady “Flicker** 
Photometer. (A. Wright & Co., London.) 
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The cliief light standards that have been or arc in use arc : — 

The British Standard Candle is a sperm candle weighing six to the pound, and consuming 
120 grains per hour. Trou])lesomc to use, very variable. 

The Carcel Lamp, burning col/.a oil. 

The Vernon- Harcourt Pentane Standard is ilie light chiaincd by burning a mixture of air 
and the vapour of pentane. Troublesome to use, but is \erv constant. 

The Hefner- Alteneck Standard is the light given by burning amyl acetate in a metal lamp. 
Much used in Germany. 

The Methven Gas Standard is an Argand burner in front of which is a metal screen with 
a rectangular aperture. Coal gas is consumed at the rate of 5 cub. ft. per hour. Fairly consianl, 
easy to use. 

The Electric Glow Lamp Standard is perhaps the most convenient standard to use for 
ordinary work, but it is necessary to frequently re-standardise the lamp if tlie results obtained are to 
be reliable. 






Fig. 187. — Trotter Universal 
Portable Photometer. 
(Everett - Edgeumb, 
London. ) 


Fig. 188. — Section of Trotter Photo- 
meter. (Everett - Edgeumb, 
London. ) 


The VioUe Platinum Standard is the light given normally by a sq. cm. of platinum 
raised to its point of fusion and alrout to solidify ; extremely constant ; used as a primary standard 
in important work, but un.suitable for ordinary commercial photometry. 

When the illumination of a surface — not a source of light — such as the platform 
of a railway station or a street, is required, the results are expressed in candle feet, 
the unit of measurement being the illumination of a white surface by a standard 
candle at a distance of one foot. 


A portable photometer is used for this purpose, such as the “ Everett-lCdgcumb Universal 
Trotter” photometer. It consists of a small box mounted on a tripod in a .similar manner to a 
camera. Within the l)ox is a .small electric glow-lamp L. A trigger or spring-key when pressed 
lights the lamp. 7'he light from the latter is reflected by means of a mirror Sj on to a white screen 
M, which may be turned round by means of a milled head so as to reflect varying amounts of light 
through a narrow hole s.^ in a second white screen let into the face of the photometer. The light 
falling on the face of the photometer illuminates the outside face of this screen, and the milled head 
is turned round until a balance is obtained between the illuminations of the two .screens, until 
the hole in the second screen Sg appears neither lighter nor darker than the rest of the screen. A 
pointer is attached to the milled head of the first .screen, and this indicates on a se.ile the illumina- 
tion in candle feet. Usually the instrument is used with the face horizontal, but it may be also used 
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to test the candle-power of a source of illumination. In this case the face is turned directly towards 
the light. The value obtained in candle feet is multiplied by the square of the distance of the 
source of light from the photometer, and the candle-power of the former is thus obtained. 

A recently introduced portable photometer for measuring surface illumination is the “ Holophane 
Lumeter'’ of Messrs R. & J. Beck Ltd., and is noteworthy on account of its small size, its 
accuracy, and the ease with which it can be used ; it consists of a small box SJ x 2 j x 2 j in. divided 
into two chambers. One chamber A is coated with a matt white surface and contains an electric 


Fig. 189. 


into two chambers. One chamber A is coated with a matt white surface and contains an electric 
glow-lamp lit by means of a small two-cell accumulator. The other B is a dark chamber and 
contains a white screen c with a small aperture D. A side 

tube provided with a focussing eyepiece enters the chamber ^ 

B obliquely, by means of which the screen can be seen and V 

also — ^through the central aperture of the screen — any illu- 

minated surface in front of the photometer. a. f 

The partition between the two chambers has a sector- 
shaped opal glass window E, through which the light from 
the glow-lamp illuminates the annular white surface of the ^ 
screen c. The amount of light falling on this surface can — 1 \ 
be varied by means of two opaque sectors which can be jgg^ 

moved across the face of the window by two levers F, g, * 

which also act as indicators, placed at the end of the 
photometer. One of the sectors is capable of closing the 
whole aperture with the exception of a segmental band 
across the centre, thus reducing the illuminated area from 
I to yu ; the other sector closes this segmental band, thus 
reducing the area from Thus one of the indicators 

reads in ^ths and the other in y^^rtbs of a candle foot, 
the whole range of the scale being from y^ir to t candle / 

foot. For measuring illuminations greater than i candle /h 

foot slides containing dark glasses are introduced. These \ 
are slid into position by means of the knobs H, H. On \ 
introducing one of the slides the scale reading is multiplied \ 
by 10, and on introducing the second slide the reading is \ 

multiplied by 100. Thus in the first case readings from \ 

candle feet are obtained, and in the second case ’ 

readings from i-ioo candle feet. The total range of the 
instrument is, therefore, from yj^-ioo candle feet. 

A white screen and a standard candle are supplied 
with the outfit by means of which the instrument can be 
readjusted when necessary. 

In order to use this instrument it is held in the hand 
and pointed to the object the illumination of which is to 
be tested. The observer then looks through the eyepiece p, 

and sees the illuminated surface through the circular aper- ^ 

ture in the screen C. The intensity of the illumination of .. Holophane ” Lumeter. (R. & T. 
the annular white surface of the screen is then regulated by London, ) 

means of the indicators F, g until it equals that of the object ^ 

vfiewed through the central aperture. The value of the 

illumination is then read off on the scale. If the illumination is too great recourse is had to one or 
both of the slides described above. 

A good portable photometer is the Dibdm. 

It should be particularly noted, however, that since the introduction of in- 
candescent lighting it is not so much the illuminating power of a naked gas flame 
as its heating value which is important. This should be never less than 5,000 
calories per cubic metre, and is determined by burning it in special calorimeters. 



Fig. 19a 

“ Holophane ” Lumeter. (R. & J. 
Beck Ltd., London.) 
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COAL-TAR 

Coal-tar is the thick, black, evil-smelling liquid (sp gr. i i to i 2) which accumu- 
lates in the hydraulic mains, condensers, and scrubbers of gasworks Much, 
however, is now obtained from the coke ovens used for making hard coke for 
metallurgical purposes, and this source may eventually become the predominant one 
here, and has already become so in Germany, who derives two thirds of her supply 
from this source 

In 1907 England produced 858,000 tons of tar ; Germany, 850,000 tons (1909^; 
France, 170,000 tons (1904), United States, 200,000 tons (1904). 

In 1913 England exported the following quantities of coal-tar and coal-tar products — 




Value 

Crude coal-tar - 


88,000 cwt 

;fl6,000 

Refined coal-tar and varnish 


3,071,000 gals 

68,600 

Pitch - . - - 


9,731,000 cwt 

1,100,000 

Tar oil, creosote 


36,758,000 gals 

592,000 

Coal-tar naphtha 



24,600 

Naphthalene - 


86,000 cwt 

! 37 » 7 oo 

Anthracene 


564,000 lbs 

1,400 

Benzol and toluol 


6,655,000 gals 

303,000 

Carbolic acid (phenol) 


168,900 cwt 

190,000 

Aniline and coal-tar oils • 


1,351,000 lbs. 

28,900 

Total value 

• 

. 

;ta,362,20o 


The United States in 1910 imported 37,000 barrels (280 lbs. per barrel) of tar and pitch, of value 
$92,000. The export was : 1906, 24,700 barrels ; 1908, 96,400 barrels ; 1910, 110,500 barrels (280 
lbs. to the barrel). Value in 1910 was $138,800. 

Coal-tar is the primary raw material of the colour industry It has an 
extraordinary complex constitution, which varies not only with the nature of the 
coi or coke distilled, but also with the temperature of distillation. 

The constituents employed in the colour industry are benzene, toluene, xylene, 
naphthalene, anthracene, phenol, and cresol. The composition is approximately 
given by the following table : — 
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Gas Tar. 

Tar from 
Coke Ovens. 


Gas Tar. 

Tar from 
Coke Ovens. 

Light benzol 

Heavy benzol - 
Phenol 

Naphthalene 

Anthracene 

Per Cent. 

1 - 5-2 

0.5-1 

0.5-1 

4-6 

0.5 

Per Cent. 

0. 1-0.5 
0.5-1 

0.5-1 

6-9 

0.25 

Pyridine bases - 
Heavy oils - 
Pitch .... 
Finely divided carbon 

Per Cent. 
0.25 

20 

50-60 

20 

Per Cent. 

0.25 

20 

50 

10 


Coal-tar Distillation 

In order to isolate valuable products, the tar is distilled. The still a is of iron 
and usually holds 20 tons of tar. It consists of an upright cylinder, of nearly equal 
height and diameter, with a dome-shaped top and a concave bottom, the whole 
firmly set in brickwork and heated by a fire grate. If coke is employed as heating 
fuel, the bottom of the still must be completely protected by a curtain arch. The 
tar must, previous to distillation, have been completely separated from water by 
long standing, otherwise frothing during distillation ensues. 

The distillate passes through a condensing coil bb, placed in a tank c, and is 
cooled as the distillation proceeds first with cold and afterwards with hot water, in 
order to prevent the tube blocking up with crystalline solid matter ; the condensed 
liquids pour through the swan-neck pipe d into the glass jar /, while the permanent 
gases escape through ee. The glass jar / allows the rate at which the liquids distil 
to be observed, and the density of the distilling liquid may be read off by means of 
a hydrometer placed within it ; also samples may be withdrawn from it as required. 
When the liquids become too hot it is replaced by an iron funnel. From / the 
liquids run into a receiver ^—an air-tight iron tank, provided with as many cocks 
/j, /g, /4, etc., as there are fractions to collect. The different fractions are collected 

in g and are run off successively down different cocks into different iron store tanks. 

After the temperature reaches 270® (when the anthracene oils begin to come 
over) the still is evacuated by a steam pump, which aspirates both gases and oils 



Fig. 191. —Plant for Distilling Coal-Tar. 
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away from the condensing worm into a large boiler h, sunk in the ground, which 
retains the anthracene oils, while the gases are forced out by the pump. Simultane* 
ously a stream of steam is blown through the still in order to avoid the setting fast 
and coking of the layers of pitch in immediate contact with the bottom. If much 
free carbon is present the still is evacuated after a temperature of 150® C. is reached. 

Stills are also now in use whereby a continuous process of distillation takes place, the crude tar oil 
being run in continuously at one end, and pitch run out of the other, while intermediately the 
various oils are distilled off. For details see the Patent literature, an account of which is given in 
Lunge’s “Coal-Tar and Ammonia.” 

By means of this distillation the tar is separated into the following portions : — 



Temperature of 
Distillation. 

Per Cent, 
of Tar. 

Specific 

Gravity. 

I. flight oil - 

Up to 170® C. 

2-8 

0.90-0.95 

2. Middle or carbolic oils 

170^-230“ C. 

8-10 

1. 01 

3. Heavy or creosote oils 

230°-270® C. 

8-10 

1.04 

4. Anthracene oils 

27o‘'-400® C. 

16*20 

1. 10 


In the still there remains behind a residue 
of pitch (50 per cent.). 

I. The Light Oils, sp. gr. 0.9-0.95, 

are redistilled, and the fractions boiling over 
170** C. added to the middle oils. Then 
the liquid is agitated in the cold with 5 per 
cent, of concentrated H2SO4 in cast-iron or 
lead-lined wooden vessels, whereby bases are 
fixed, while unsaturated hydrocarbons, 
phenols, and sulphur compounds are dis- 
solved or resinified. The dark acid layer is 
drawn off and worked up for ammonium 
sulphate. The oil is then washed with water 
and dilute caustic soda, dried, and frac- 
tionally distilled, and the fractions collected 
in four portions, viz., (i) the first runnings; 
(2) between 7o°-i4o° C. (Jight benzol) ; (3) 
140^-170” (heavy benzol) ; (4) over 170® C. 

The first runnings consist principally of 
carbon disulphide, pentane, hexane, and 
aceto-nitrile. 

The ‘‘crude benzol” thus obtained is 
rectified in a special still and separated into 
pure Benzol, B.P. 80“ C. ; toluene, 

QHjCHg, B.P. no* C. ; and xylene, 
CeH4(CH8)2, B.P. i38*-i 42* C. The hydro- 
carbons distilling after the xylene (viz. 
cumene) go to form “solvent naphtha.” 

The stills used in fractionating are simi- 
lar to those used in distilling spirits. One 
of the most efficient is the Savalle column 
as improved by Heckmann of Berlin (German 
Patent, 39,557). For further details see 
p. 295 et seq 



Fig. 192. — Heckmann’s Still foi 
Fractionating Light Oils. 




4i8 


INDUSTRIAL CHEMISTRY 


The crude benzol is placed in the wrought-iron boiler A (Fig. 192, Heckmann's still) and heated 
to boiling by means of steam cods ; the vapours pass up the iron column B, which is divided into 
a series of compartments. The vapours pass into each compartment through the raised mouthpiece 
passing through the layer of liquid condensed in the compartment and maintaining it in continuous 
ebullition, while the excess of liquid overflows through a drop-pipe Z and discharges into the com 
partment below. Finally, the vapours reach the condenser c, where they are still further (but not 
completely) condensed to a liquid form by means of a water jacket ; the condensed li(]iiids, pouring' 
back through the U-tube, pass into the column n, mamlain every compartment in B with its proper 
layer of boiling liquid. The more volatile [)aits p.i'.s on through ;/ into the condenser D, where they 
are completely condensed by means of a water co<»ling jacket, and the separate fractions run ofl 
in succession through st tt. 

The pure benzol and toluol thus obtained are used for making coal-tar dyestuffs. 

The 90 per cent, benzol is used (mixed with petroleum ether) for motor cars, 
for carburetting illuminating gas, and as a cleansing solvent in laundry works. 
Solvent naphtha finds an extensive application in dissolving caoutchouc in the 
manufacture of waterproof stuffs. 


2. The Middle Oils, B.P. i7o°-23o'’ C.; sp. gr. i.oi. — These contain much 
naphthalene and phenols. 

I'he naphthalene is obtained by allowing the oil to stand, when large quantities 
crystallise out and are separated by centrifuging and pressing. 


To obtain the naphthalene pure it is melted with 5 per cent, concentrated H2SO4, the acid draw n 
off, and the naphthalene distilled. Sometimes instead of being distilled the naphthalene is sublimed 

by placing in a shallow iron pan 
hcate<l by the steam coil by w'hen 
the vapours sublime into the large 
chamber c. 

f'or recrystallising naphthalene 
the ordinary ^()lvent is petroleum 
spirit, and the operatujii is carried 
out in enamelled iron vessels pro- 
vided with reflux condensers and 
heated by steam. The crystals are 
centrifuged and dried in air. 

The naphthalene thus obtained 
is practically chemically pure, 
occurring in large crystalline plates, 
M.P. 79" C. 


W////////////M 

Fig. 193. —Apparatus for Subliming Naphthalene. 



The mother liquors from 

which the naphthalene has been separated contain 30-40 per cent, of phenol. 
This is separated by fractionally extracting with a 10 per cent, caustic soda solution. 
The aqueous alkaline liquid is drawn off from the oil, and steam blown through 
in order to volatilise any traces of naphthalene or other hydrocarbons that it still 
contains. 

The alkaline liquid is then neutralised by sulphuric or carbonic acid, the 
precipitated oily layer of phenol drawn off and fractionally distilled from stills 
with zinc or silver condensing coils ; the distillate is crystallised out in the cold, and 
separated from the still fluid cresols by a centrifugal machine. 

The phenol is thus obtained almost chemically pure as a white solid. It is 
principally used for making picric and salicylic acid (pp. 423, 430). 

The cresols, separated from the phenol, occur as a fluid mixture of the three 
isomers. These bodies are much used for disinfecting purposes. 


3. The Heavy or Creosote Oils, B.P. 23o°-27o° C., sp. gr. 1.04, form 
perhaps 10 per cent, of the tar. They consist of a complex mixture of neutral and 
acid oils, among which may be mentioned naphthalene, dinaphthylene, methyl- 
naphthalene, xylenol, naphthol, and paraffins. They are used for creosoting timber — 
especially telegraph poles and the sleepers of railways. See under Timber 
Preserving, p. 190. 

4. Anthracene Oils, B.P. 27o‘’-4oo® C., sp. gr. i.ip, forming 12-17 per cent, 
of the tar, contain a certain amount of carbolic acid and a considerable amount 


COAL-TAR DISTILLATION 


419 


of anthracene, C|4H^q, M.P. 213* C. This latter is one of the most valuable 
constituents of coal-tar. To isolate the anthracene and free it from impurities the 
oil is cooled and the greenish crystals of impure anthracene which separate out are 
freed from the oily mother liquor by pressing or placing in a centrifugal machine. 
It then contains only 10-12 per cent, pure anthracene, being mixed with impurities 
such as phenanthrene, methylanthracene, diphenyl, naphthalene, pyrene, retene, 
carbazol, etc., which arc exceedingly difficult to get rid of. To do this the whole 
is pressed to 200-300 atmospheres in a hydraulic press heated by steam. Most of 
the phenanthrene and naphthalene flows away in a liquid form, and the percentage 
of anthracene is increased to 28-40 per cent. 

The anthracene is then washed with solvent naphtha. By washing with the 
pyridine bases mixed with solvent naphtha the carbazol is almost completely removed, 
and a product consisting of 90 per cent, anthracene is obtained, and made into 
alizarin. 

Chemically pure anthracene is obtained by grinding up with caustic potash and 
lime, distilling, washing with solvents, and subliming. 


The plant usually used for subliming anthracene is shown in Fig. 194. The anthracene is 
placed to the depth of 2-3 in. in a shallow iron pan c, heated from below. Superheated steam 
from the pipe B, which is perforated by many holes, carries away the vapours into the large 
chamber D, where they are suddenly chilled by a spray of cold water from the rose H, causing the 
anthracene to precipitate in the finest state of division — a necessary condition for its easy conversion 
into anthraquinone by the action of oxidising agents. 



5- Pitch. — ' rhe residue 
which remains in the tar still 
is Pitch and forms 50-55 per 
cent, of the tar. Much of it 
probably consists of finely 
divided coal or coke, but 
undoubtedly 20-30 per cent, 
consists of solid unsaturated 
hydrocarbons, which give it 
its distinctive properties. Soft 
pitch has C — 91.8 per cent, 

H = 4.6 per cent. ; hard pitch 
has C — 93.2 per cent, H = 4.4 

per cent. Hard Pitch is obtained by carrying the distillation as far as possible. 
It softens over 100°. Soft Pitch is obtained by a shorter distillation. The pitch 
is always run off while fluid from the still. 

It is used for making briquettes from coal dust, for making varnishes and blacks 
(by mixing with certain oils), for making dolomites, stones, etc., in iron-works, and to 
a certain extent for paving streets, etc. — the natural asphalt being, however, both 
cheaper and better for the latter purpose. 


Fig. 194. — Anthracene Subliming Plant. 


Testing of Coal-tar and Pitch 

(See Watson Smith, Scfc. Ckem, Ind,y 1883, p. 496.) 

1. Free tar from water by placing a large gla.s.s beaker immersed in hot water and covered with a 
glass plate. After one and a half days decant off watery layer on surface. 

2. Determine specific gravity by weighing accurately at 15'^ C. a given volume (.say i 1 .) run into 
a standard flask. 

3. Distil 2i 1 . of tar freed from water a.s alx)vc from a large glass retort in usual way, placing 
apparatus on a large iron tray covered with J in. of sand (to diminish danger from fire), forcing in 
a slow current of air through a drawn out tube through the cork and reaching to the centre of the 
flask. 

(tz) First heat slowly to 60^-70® C., heating at that temperature for a day or two to expel 
ammonia water. 

(<^) Collect (i) Light oil, up to 170®; (2) Middle oil, up to 230® C. ; (3) Creosote oil, up to 
270® C. ; (4) Anthracene oil. 
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The volumes of the different distillates are measured, and after treating the fractions much as 
they are treated on the large scale in the distillation of coal-tar, an estimate of the various propor- 
tions of the different substances Ukely to be obtamed in the la^e scale distillation is arrived at and 
so the value of the coal-tar judged. 

The Free Carbon m coal-tar is estimated (Kraemer) by extracting the coal-tar with forty times 
Its weight of xylene, drymg the residue at lOO® C and washing The more free carbon, the thicker 
the tar and the greater the danger of frothing over during the distillation. 

The estunation of water in tar is carried out by distilling 500 c.c. of carefully sampled and 
thoroughly agitated tar from a copper still, until finally a temperature of 200** C. is reached Oil 
and water distil over into a graduated slanting glass tube 27 in. long, and separate out into two 
layers The volume of water is then read off To prevent boiling^over add toluene to the crude tar. 
Pitch IS tested for its softening or meltii^ point 

Soft pitch softens at 40® C , melts at 60*^6. ; medium pitch softens at 60® C , melts at lOO® C. ; 
hard pitch softens at 100* C , melts at i50®-200* C 

A rod of soft pitch, 4 x 4 x J m , suitable for making patent fuel, will bend without breaking on 
heating m water at 60® C for two minutes Its torsional value is tested by special methods 

The amount of “ Free Carbon” and Bitumen” in pitch is estimated by boiling the pitch in a 
flask with a reflux condenser in succession twice each with benzene, carbon disulphide, and alcohol. 
The residue represents the “free carbon,” the difference being the “bitumen ” 

To distinguish coal-tar pitch from natural asphalt, heat a sample in a crucible. Coal-tar 
pitch evolves acrid fumes, but natural asphalt (usually) STpleasant, bituminous smell. 


Recovery of Pyridine Bases from the Distillation Products 

of Coal-tar 

We have described how the various fractions of oil distilled from coal-tar are 
first washed with sulphuric acid, which abstracts the volatile bases contained in 
them. 

Crude ‘‘pyridine-sulphuric acid,” from washing the light oils with sulphuric 
acid, is a brownish liquid, sp. gr. i. 2-1.3, contains 15-20 per cent, of bases boiling 
between 100* and 200* C. Half of these bases is pyridine, the rest being the 
picolines, lutidines, etc. 

Pyridine is separated from “ pyndine-sulphunc acid ” by passing in ammonia 
gas until a sample of the exit gas smells of pyridine. The liquid separates into 
two layers, the top one consisting of muddy impurities, the bottom being a solution 
of pyndine-ammonium sulphate The bottom layer is run off and completely 
saturated with ammonia. Pyridine separates as an oil. It is drawn off and 
fractionated. 

Pure pyridine is pnncipally used for denaturing spints in Germany. 

Quinoline is separated in a similar manner from the sulphuric acid washings 
of the heavier coal-tar Oils. It is used for making the quinoline dyes. 

Quinoline (on account of its high boiling point) does not occur largely in the 
acid washings from crude benzol, but is contained, together with acridine and 
other bases, in the crude sulphuric acid washings from the higher boiling tar oils. 

Bone Tar or Bone Oil is the dark evil-smelling liquid formed during the dry distillation of 
bones in the preparation of bone black (animal charcoal) It contains considerable amounts of 
pyridine and quinoline, their homologues and other bases. These compounds may be extracted 
nom It by the use of sulphuric acid, and separated as described above. 


COAL-TAR PRODUCTS (see Table) 

Distillation Products 

Benzol (Benzene), C^H^. — Colourless, mobile liquid, B.P. 80.5* ; M.P. 6* C $ 
sp. gr. ^■*0839. Freezes to white crystals at o* C. Distinguishable from light 
petroleum by (<?) completely dissolving in fuming H2SO4 (petroleum does not) 5 
(^) easily dissolves picnc acid and pitch (petroleum does not easily). 
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Pa/uafion.-^lt should give no blue colour when shaken with concentrated 
HgS04, and a fragment of isatin (thiophene) ; should not darken much when shaken 
with concentrated H2SO4 (unsaturated hydrocarbons or thiophene). No unnitrated 
hydrocarbon should be obtained on treatment with nitro-sulphuric acid and dis- 
tillation with steam. “ Crude benzol ” is a mixture of benzene, toluene, xylene, etc , 
and is known as 30 per cent., 50 cent, or 90 per cent, benzol, according as 
30 per cent , 50 per cent., or 90 per cent, of the whole distils over before the 
thermometer reaches 100* C. Refined benzol should completely distil within half 
a degree Centigrade. 


Toluol (Toluene), CgHg.CHj. — Colourless liquid, freezes below •“ 20* C. ; B.P. 
Ill* C. , sp. gr. -^*=0.8708. 

Valuation , — Should only slightly darken on shaking with concentrated H2SO4. 


Xylene, Xyol, CaH4(CH3)2 — Three isomers occur in coal-tar xylene, viz , 2-15 
CH 

percent of orthoxylene, 70-87 per cent, of metaxylene, 

CHj 8 

CH BP 139*, sp gr (19* C)=* 08668; 3-10 per cent paraxylene, 


CH8< ^ ^ CHg, B.P. 138*, M P 15* C., sp. gr o 8621. Metaxylene is technically 
the most important 

Valuation — Commercial xylol should distil between 135* and 140* C., and 
should only turn light brown when shaken with H2SO4 


Naphthalene, C^oHg (for preparation from coal-tar see preceding section, 
p. 418) — Colourless crystalline solid , M P 80 5* , B P. 218° C. ; sp. gr. (15* C.) — 
I 1517. Sublimes when warmed. 

Valuation — No residue or colour change should be produced when sublimed 
in air; should melt and boil sharply, should produce no red colour with hot 
concentrated H2SO4, and when solution is diluted with water, filtered, and made 
alkaline, no smell of pyridine should be apparent Boiling caustic soda should 
extract no phenol; should not melt below 79 5® C 

Uses — See p. 432 Starting point fdr the production of synthetic mdigo (see 
p. 460). 

Anthracene, C14H10 (for preparation from coal-tar see p 419). — Colourless 
crystalline plates with violet fluorescence (when pure) ; M P. 213* C. ; B.P. just over 
360* C. Oxidised, produces anthraquinone (which gives with warm NaOH 
solution and zinc dust a red colour), and with picric acid in benzene gives red 
crystals, M.P. 170* C , of the picrate, Ci4Hiq CgHg (N02)s OH 

To estimate the anthracene in the commercial product, oxidise into anthraquinone by boiling i g. 
fior two hours with 45 g glacial acetic acid to which are slowly added 1 5 g of chromic acid dissolve 
m 10 c.c. of water, leave Tor twenty-four hours, add 400 c c. water, stand two hours, filter off anthra- 
QUinone, wash with cold water, with boiling NaOH solution, with boiling water, dry in porcelain 
aish at 100*, heat ten minutes to 100* with 10 g. slightly fuming sulphuric acid, leave twelve hours 
m a damp place, pour into 200 c & cold water, filter off precipitate, wash with alkaline water and 
with hot water, transfer to dish, dry, weigh. Then heat dish until the anthraquinone has volatilised, 
and weigh. Loss of weights anthraquinone. This multiplied by 85 6 gives percentage of anthracene 
in sample (see Luck, “ Ber 6, 1347). It may amount to anything between 30 and 90 per cent, 
the rest being phenenthrene, carbazol, chrysene, etc 


Uses — Source of valuable dyes. See p. 451. 
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Phenol (Carbolic Acid), CgH^.OH. — White crystalline solid, M.P. 41* ; B.P. 
188* C.; sp. gr. (40® C.) = 1.05433. Commercial samples should melt about 39-40® C., 
boil about 183**1 86* C., and dissolve completely in aqueous caustic soda. 

Estimatioil by titration with standard bromine water. On account of the feet that phenol is 
extensively used for making picric acid and other explosives, the price in war time invariably rises 
enormously, and it then becomes profitable to make it from benzol by sulphoriating and fusing with 
NaOH or KOH. A full account of the manufacture is given by Dr A. H. Ney in the Chemical T rade 
Journal^ i6th October 1915, pp. 361, 385. 

Cresol (Cresylic Acid), C6H4(CH3).OH. — Three isomers occur in coal-tar, 
namely, ortho-, para-, and meta-cresol. 


Halogen Derivatives 

Benzyl Chloride, C3H5.CH2CI. — Prepared by leading chlorine over the surface 
of boiling toluene (placed in a sandstone vessel and heated by lead-coated 
steam pipes) until it has increased in weight by 38 per cent., washing with water, and 
fractionally distilling: C0H5.CH8 + Cl2 = C6H3.CH2Cl + HCl. Colourless liquid, 
B.P. 178* \ sp. gr. (14* C,)= 1. 107. An estimate of the amount of benzotrichloride 

in it is obtained by observing the amount of 
green colouring matter produced on heating with 
dimethylaniline and zinc chloride. 

Benzal Chloride, CeHg.CHClg fBenzy- 
lidene dichloride), and Benzotrichloride, 
C^Hj.CCIg, are simultaneously produced by the 
further chlorination of boiling toluene, and pro- 
duce benzaldehyde and benzoic acid when 
heated with milk of lime. They are not usually 
separated. 


Nitro Compounds (see pp. 632-634) 

Nitro-benzene, C3H5.NO2, is a light yellow 
liquid, smelling like bitter almonds, B.P. 207* 
C. ; sp. gr. (15* C.)= 1.208. Is a very good 
solvent for other nitro compounds including 
guncotton, etc. 

Preparation . — 100 kg. benzol are placed in a cast-iron, round-bottomed vessel, 
fitted with a cover and stirring apparatus, and provided with a condensing tube 
and an opening for the addition of acid (both placed in the cover), while a tube 
at the bottom allows the contents to be emptied. A mixture of 1 15 kg. concentrated 
nitric acid, sp. gr. 1.38, and 180 kg. concentrated HgSO^ are now slowly run in, 
while the stirrers (lubricated with nitro-benzene) are kept m rapid movement, and 
the temperature of the whole kept below 25* C. by a stream of cold water flowing 
round the vessels ; when the greater part of the acid has been added, the temperature 
is allowed to increase to 50* C. The following action has taken place : — 

CeHe + HNO^ = CeHM.NOg + HgO 
Benzene. Nitric acid. Nitro-benzene. Water. 

The acid is run into the benzene (thereby keeping the latter in excess until the last), and the 
temperature is kept low in order to avoid the second reaction : — 

CeH^NOg + HNO3 = QiyNOgla + HgO 
Nitro-benzent. Nitric add. Di-nitro-benzene. Water 

The stirring and cooling apparatus must be efficient, as the nitrating mixture is otherwise liable 
to spontaneously inflame. 

After all the acid has been slowly added the stirring is continued for some 



Fig. 195. — Nitrating Apparatus 
for Nitro- Benzene. 
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hours until no more action takes place. •The whole is allowed to stand, and the 
nitro-benzene separates as an oil on the surface of the acid. 

The acid is run off at the bottom. It contains about i per cent, of nitric acid, water, and 
organic compounds. It is “regenerated” for use by allowing it to slowly flow, cascade fashion, 
down a series of six porcelain vessels, heated in a stream of hot air. 

During the heating the water and nitric acid vaporises (the nitrous fumes being condensed and 
used in the manufacture of nitric acid), and there finally flows out of the last vessel concentrated 
sulphuric acid, 66® B6 , which is used again for nitrating 

After the acid has been drawn off, the nitro-benzene is then run into large 
wooden vessels, and washed with water until all traces of acid are removed. 

When required quite pure (for perfumery) it must be steam distilled. Usually 
any unused benzene present is first removed by blowing steam through the mixture, 
and the nitro-benzene coming over with the benzene is used again for nitrating. 

For making dyes, etc , it is usually unnecessary to distil the benzol 

Yield — 100 parts of benzene give 150-15 2 parts nitro-benzene 


Metadinitrobenzene, C0H4(NO2)2 — Crystalline needles, M P. 899* C. It 
is prepared in the apparatus used for making nitro-benzene, using stronger acids. 

To 100 kg benzene, 200 kg nitric acid (40® ) and 300 kg concentrated sulphuric acid 

(66® B6 ), previously mixed together, are allowed to flow in, and after the action is over, the 
contents of the pot are withdrawn while still hot, the dinitrobenzo 1 allowed to solidify, and purified 
by crystallisation It is used for making diaminobenzene and explosives (see p. 634). 

For Trinitrobenzene see p 634. 

Ortho- and Paranitrophenol, CeH4 NOg OH — i part of phenol is mixed 
with a little water, and then a mixture of 2 parts nitric acid (sp gr. 1.38) and 
4 parts of water is gradually added, cooling the liquid the whole time After the 
reaction is completed the oil is washed with water and the ^^nltrophenol steam 
distilled over, the paranitrophenol remaining behind 

Trinitrophenol, Picric Acid, C0H2(NO2)8OH, is made by heating phenol 
sulphonic acid with nitric acid. For details see p. 632. Used as an explosive 
For use as dye, see p. 479. 

Mono Nitrotoluenes — Three isomendes are known, viz. • — 



Melting Point 

Boiling Point 

Orthonitrotoluene - - - - 

Metanitrotoluene . - - - 

Paramtrotoluene ... - 

Liquid 

16^ C. 

54 ** C. 

2i8®-2i9® C. 

230® 231® C. 

234 c 


Under ordinary conditions of nitrating, ortho- and paramtrotoluene are principally 
produced, and may be separated (when necessary) by fractionally distilling under 
diminished pressure. 

Mixtures of nitro-benzene and nitrotoluene and nitroxylene, QH8(CH3)„ NO^ 
are also prepared ; also nitro-benzylchloride, QH4(N02).CH2C1 , nitro benzaldehydfe 
chloride, CeH4(N02) CHClg, mono-nitronaphthalene, etc. etc. 

Difiitrotoluene, C6H8(CH,).(K08)2, is prepared in much the same way as dinilrobenzene (see 
p. 364)- 

The Trinitrotoluenes are used as explosives. See pp. 633, 634. 
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NOj 



Oi-Oj- 

Dinitro- 

naphthalene. 


a^-aj-Dinitronaphthalene is used for making explosives, alizarin 
black, and diaminonaphthalene. Naphthalene is allowed to stand 
twenty-four hours in contact with strong nitric acid, sulphuric acid 
is added, and the mixture heated twelve to twenty-four hours on the 
water bath, the product washed with water, and extracted in succession 
with carbon disulphide and acetone, in order to eliminate as much as 
possible the other isomerides formed at the same time. The pure 
product melts at 2\f C. 


Bases 


Aniline, C.Hg.NH^, is prepared on a very large scale by reducing nitro-benzene 
with iron and nyarochloric acid. 

500 parts of nitro-benzene and 800 parts of water are placed in a lar^e iron still provided with 
a mechanical agitator and condenser, and the whole is heated to boiling by blowing in steam. 
16-20 parts of hydrochloric acid are now added, the steam is shut off, and 550 parts of finely ground 
cast-iron borings are gradually added during about eight hours. A vigorous action takes place, 
heat is evolved, and a mixture of water, aniline, and nitro-benzene distil over in a steady stream, 
and are continually returned to the still. 

Great care must be taken in adding iron not to let the action become too violent, since violent 
explosions have been known to occur. 

The following actions take place ; — 

QH5.NO2 + 3Fe + 6HCI = CgHs.NHa + S^^eCla H- 2HaO. 

Nitro-benzene. Iron. Hydro-^ Aniline. Ferrous Water. 

chloric acid. chloride. 


CgHaNOa + 2Fe + H.p = CeHjNHa + Fe^O^. 
Fe + = 3Fe304. 


According to the first equation 178 parts of IICl are required for the reduction of 100 parts ol 
nitro-benzene. 



In practice 9 parts of HCl are sufficient, in con- 
sequence of the reaction largely proceeding according 
to the second equation. 

When all the iron has been added the heating is 
continued by steam, and the distillate returned so long 
as it is yellow (presence of nitro-benzene). When the 
distillate comes over colourless, it is collected in A 
(Fig. 196), and the distillation continued so long as 
aniline comes over. The aniline collects in a layer at 
the bottom and is drawn off from time to time. The 



Fig. 196.— Reducing Apparatus for Nitro-Benzene. 
Steam is blown in through the hollow shaft of the stirrers. 
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water condensed from -the steam distillation contains up to 3 per cent, dissolved aniline and 
toluidine, and is returned again to the boiler and used for another aniline distillation. The aixiline 
thus obtained is purified by redistillation in special stills. 

The residue in the still consists of metallic iron, and oxides and chlorides of iron, mixe<l with 
tarry inipurities. Sometimes it is smelted for iron in iron-works, often it is worked up into green 
vitriol (iron sulphate). If allowed to accumulate the spontaneous oxidation of the finely divided 
iron may cause the mass to become incandescent. 


YieU . — 100 parts nitro-benzene give 70 aniline. 

Properties . — Colourless oil, B.P. 182®; M.P. 8°; sp. gr. (15^* C.)= 1.0275. 
Soluble in 32 parts of water at 15® C. Completely soluble in acids. 

Tests . — Aniline water gives a violet colour with bleaching powder solution. 
It may be estimated by titrating with sodium nitrite solution. The presence of 
benzene or nitro-benzene, etc., in aniline is detected by their insolubility in acids. 


^ Aniline for Red is a mixture of aniline with both toluidines, e.g.^ 33.3 per cent, 
aniline, 28 per cent, paratoluidine, 42.7 per cent. d? toluidine, sp. gr. 1,008 at 
15** C. \ B.P. 190-198. 

Aniline for Safranine consists of aniline (40 per cent.) and ^-toluidine 
(60 per cent). 

Aniline for Blue’^ or light aniline” is aniline free from toluidine, 80 per 
cent of which distils between 182^-182.5®. It is used for phenylating rosaniline. 
See under Rosaniline Blue. 

Toluidine, CqH 4(CH3)NH2 (ortho-, meta-, and para-), and 

Xylidine, C<jH3(CH3)2NH2, and other similar bases are prepared in much the 
same way as aniline by reducing the corresponding nitro compounds. 

Dimethylaniline, C(jH,r,.N(CH3)2, is prepared by heating a mixture of aniline 
(75 parts), aniline hydrochloride (25 parts), and methyl alcohol (free from acetone) 
in a cast-iron autoclave (see Fig. 197) to 230^-270® C., and rectifying the product : — 

C6H^.NHa.HCl + zCIIaOH = -H liCl + zH.p 

IlCl -f = C6ll6.NHo.HCl. 


Colourless oil; B.P. 192®; sp.gr. (15® C.) = 0.976. Used for making methylene 
blue, indophenol, malachite green, etc. 



Fig. 197. — Autoclaves of Different Types. 

3i 4 shows method of inserting stopper. 
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By treating the product (26 kg ) with HCI (too kg of 31 per cent HCl), stunng« addiDK 
chopped ice (100 kg.) and then sodium nitrite (16 kg in 351 kg. HaO) we get / nitroso- 3 imethyl- 
aniline as an oil . — 

NO 

QHj N (CH,), + IlNOj = C,H4 + HjO, 

N (Clla), 

Dimethylaniline Nitrous /•Nitroso-dimetbylaniline Water, 
acid 


Used for making various dyes 

Diphenylamine, (0^115)2 NH, is prepared by heating molecular proportions of 
aniline and aniline hydrochloride together in an autoclave for some hours at 200* C , 
boiling with dilute HCl to remove aniline, and distilling the residual oil, which is 
diphenylamine Forms monoclinic plates; M P 54® C ^ B P. 310“. 

The Phenylenediamines, CqH 4(NH2)2. — All three varieties are in use . — 

M P BP. 

Orthophenylenediamine - - 102* C - - 252* C. 

Metaphenylenediamine - 63® C - - 287* C. 

Paraphenylenediamine - - 147* C - - 267” C. 

w-Phen}lenediamine is prepared by reducing w-dinitro-benzene i^iith iron and 
hydrochloric aad 

200 parts of m dinitro benzene and 200 parts of water are placed in a large iron vessel provided 
with a mechanical agitator and condenser (see under Aniline, Fig 196) Steam is blown until the 
mixture boils, then 16 parts of hydrochloric acid are run in and 430 parts of finely ground cast iron 
borings are slouly added, when the action is complete the liquid is made alkaline with sodium 
carbonate, and boiled up with 800 i,ooo parts of water, the liquid filtered from the iron sludge 
(which is again extracted with water) and the solution of the w-phenylenediamme either used 
directly for making substances like Bismarck brown, or it maybe neutralised with hydrochloric acid, 
evaporated, and obtained as hydrochloride On adding concentrated NaOH solution to the 
concentrated hydrochloride solution, the base is set free as an oil, which, rising to the surface, sohdifies 
on cooling, and is purified by distillation 

Colourless solid, M P. 83* C ; B.P. 287 Soluble in water 

/-Phenylenediamine is prepared by reducing /Vnitraniline with iron and 
hydrochloric acid 

QH,NH,(i- 4 ) 

Benzidine, | , is prepared by reducing nitro-benzene with zinc 

QH, NH, (i : 4) 

dust and caustic soda in an iron vessel provided with a powerful stirrer Any 
aniline formed is distilled off with steam, and the product run out and treated with 
cold dilute hydrochloric acid to dissolve out zinc hydrate There is thus left 
hydrazobenzene, CgHj NH NH CqHj — Zn -H zNaOH «Zn(ONa)2 + 2H 

QHj NO, F CeHs NO, + loH = CeH^ NH - NH - + 4H,0 

This is converted into benzidine (by intramolecular change) thus — 

CfiHs NH NH QHc = NH3.C6H4 CeH4 NHg 

by boiling with hydrochloric acid, filtering, and precipitating the base as sulphate by 
sulphuric acid or sodium sulphate. The base may be obtained by decomposing 
the sulphate by caustic soda and distilling Crystalline plates; M P. 122*; B.P, 

C^H^-NiN.OH 

above 360* C. Nitrous acid converts it into tetrazodiphenyl | 

C.H^.N : N.OH 

which combines with sulphonic acids of phenols and amines to form azo colours, 
such as Congo, Chrysamine, which dye cotton from an alkaline bath without a 
mordant. See Synthetic Dyes. 
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Nitraniiine, CgH^ NO2NH2 — Of the three varieties the meta and para com- 
pounds are chiefly used in colour manufacture Metanitraniline is prepared by 
the partial reduction of dinitro-benzene with iron and hydrochlonc acid, or with 
ammonium sulphide^ also from finely powdered aniline nitrate, by adding it, in 
a finely powdered condition, into concentrated sulphuric acid (cooled to — 5® C ), 
stirring, pounng into 400 1 water, and decomposing with caustic soda; >ellow 
prisms, MP 114* C. 

Paranitraniline is prepared from /-nitracetanihde (see Nolting and Collin, 
“Ber,"’ 17, 262) by warming with dilute sulphuric acid; yellow pnsms, M P. 

147" c. 

Amidophenol, CgH^NHgOH — The orthoamidophenol is obtained by 
mixing parts of 0 nitrophenol with 300 parts of ammonia and reducing by pass- 
mg in HgS Meta-amidophenol is obtained by reducing w-nitrophenol, or by 
heating resorcinol with ammonia, para-amidophenol is obtained by reducing 
^nitrophenol. 

a Naphthylamines, CioH^.NHg, is manufactured by reducing a-nitro- 
naphthalene with iron and hydrochloric acid, as in the case of aniline 

800 kg iron borings and 40 kg hydrochloric acid are mixed, with the addition of some water, 
in a large vessel provided with a powerful stirring apparatus The warmed mixture has then added 
to it in small portions about 600 kg nitronaphthalene, and the reduction proceeds vigorously, con 
tinually stirring the whole time The nitronaphthalene must be added at such a rate that the 
internal temperature is maintained about 50® C Finally the mixture is, after the reaction has ceased, 
stirred vigorously for six to eight hours, while the temperature is maintained at about 50®*70® C by 
blowing in steam Samples are withdrawn from time to time, and the unchanged nitronaphthalene 
estimated (by distilling and dissolving the product in HCl) Finally milk of lime is added (about 
50 kg ), the mixture vigorously stirred, and the vessel emptied The following reaction takes place 
(Witt) — 

24 Fe 2 Cl 2 + 4 CioH'rN 02 + 4H2O = i2Fe2Cl40 + 4C10H7NH2 , 
i 2 Fe 2 Cl 40 + 9Fe = 3 Fej 04 + 24 FeCljj. 

The crude naphthylamine is now distilled from box-shaped iron retorts, through which a stream 
of superheated steam is driven to facilitate distillation, the condensing worms being kept at 60® C 
by immersion in hot water in order to prevent them from bemg choked by crystallising naphthylamine 

The a-naphthylamine is obtained pure by a single redistillation Flat needles 
or plates with an unpleasant smell — M P 50® C , B P 300® C 

j0-Naphthylamine, CjoHyNHg, is prepared by heating 10 kg ^-naphthol, 
4 kg. NaOH, and 4 kg NH^Cl in an autoclave for sixty to seventy hours at 150*- 
160” C — M P. 112^ C , B P. 294. 


w-Aminophenol, CgH4(OH) NH2, is manufactured by heating 20 kg NaOH 
with 4 kg water in an autoclave to 270® C , and then adding 10 kg w-aminobenzol- 
sulphonic acid, QH^.SOgH NHj, and heating at C. for one hour, when 

the sodium salt of the base is produced thus . — 

.SOsNa .ONa 

CeH4< + NagO = + NagSO,. 

^NH2 


The base, w-ammophenol, may be obtained by decomposing the sodium salt 
<vith acid or carbon dioxide 

m Oxydimethylaniline, , is prepared m a similar manner 

from the sulphonic acid of dimethylaniline 
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Aminonaphthol, , is likewise prepared by fusing naphthylamine- 


SO H 

sulphonic acid, » with caustic soda. 

^IN jtjL2 


Pyridine, C5H5N, is obtained from the sulphuric acid washings of light benzol 
as descnbed p 420, also from bone tar or bone oil (obtamed during the dry 
distillation of bones for animal charcoal). Colourless mobile oil, of unpleasant 
smell, B.P. ii6 7* C ; sp. gr. (o* C)«o9858 


Quinoline, C^H^N, is an oily liquid, B P 238* C. ; sp gr (20* C )=■ i 094, 
occurs in the coal-tar and bone-oil bases It is prepared by heating aniline 
(216 parts) and glycerol (600 parts) with concentrated sulphuric acid (600 parts) 
and mtro-benzene (144 parts) for one day at 125“ C, then at i8o*-2oo* C until 
reaction is complete. 

The glycerol decomposes thus — 

aHgO, - 2HaO = CHj CH CHO, 

Glycerol Water Acrolein 

and the acrolein combines with the aniline thus — 

CjHpNHj + CjHiO + O = C,H,N + 2naO. 

Aniline Acrolein Oxygen 

from the 
nitro benzene 

The mixture is diluted wit h water, excess of nitro-benzene boiled off, the base 
set free by soda, the quinoline is distilled, purified from aniline by treating in acid 
solution with K2Cr207 or NaNOg Yield, 70 per cent 

The quinoline of commerce, usually obtained from the basic portions of coal tar oils, contains 
quinaldine, isoqumoline, CaH7N The former may be prepared in a similar mannei 

by heating anUme and aldehyde, or paraldehyde with dehydrating agents, such as alumimuna 
chloride and hydrochloric acid 


Acridin, CigHgN, a derivative of anthracene, is a crystalline body produced 
by treating diphenylamine, NH C^Hg, and formic acid, H COOH, with zinc 
chlonde Also obtained, along with quinoline, from the sulphuric acid washings 
of the heavier coal-tar oils 


Pbenylhydrazine, NH NH2 — 10 parts aniline are dissolved in 

200 parts concentrated HCl, the liquid cooled, and 7 5 parts of sodium nitrite, 
dissolved in 50 parts water, are gradually added Diazobenzene chloride is formed, 
thus : — 

CeHaNHa-HCl + NaNOj + HCl CeH, - N = N - Cl -H NaCl -f zHaO. 

The solution is then neutralised and reduced by adding neutral potassium sulphite 
and acid metasulphite — 

CeHj N3.CI -f- KaSOj = C^H* SO3K + KCl. 

CeH, Na-SOjK + KHSO, + H3O * C^Hj NH NH SO3K + KHSO4, 

The phenylhydrazine-/-sulphonic acid, NH NH SOgH, thus obtained is used 
du-ectly thus in the colour industry. If the base itself is required (for manu- 
facturing antipyrene), the solution is boiled with concentrated HCl, when the 
chlorhydrate CgHg NH.NHg HCl, is obtained, and from this the base may be set 
free by adding alkalki. When quite pure forms crystals, M.P. 23* C. As usually 
obtained it is an oil, B.P. 241 *-242* C. 
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Sulphur Bases 


When /-toluidine is heated with sulphur at 140* C. in the presence of lead oxide, 
Thiotoluidine is obtained (Merz and Werth, Ber , 4, 393), thus : — 


/CH, 

2CeH4<;^ + Sj ss 

>-ToluKiine Sulphtur 


/CH, 

H,S + S< NH, 

^NHa 
Thio /-toluidine 


The bases crystallise from alcohol in colourless, odourless plates, and unite 
with two molecules of HCl, thus — Ci^HjjNjS.zHCl If /-toluidine is heated 
with more sulphur to a higher temperature (eighteen hours at 180*- 190* C. and six 
hours at *oo'’-22o*), Toluthiazol is obtained — 


C,H,N + 2S,= 3H,S + 

/'Toluidine Toluthiazol 

g 

and has the constitution CH, C4H8<^^^C.CjH4 NH, 


This IS not a dyestuff, but if a higher temperature and more sulphur be 
employed in its preparation, a base is formed which on sulphonation yields 

Primuline Yellow 

A large and important class of sulphur colours are denved from these and 
similar bases, which are now rapidly increasing in value. 

Aldehydes 

Benzaldehyde (bitter almond oil), CHO. 


Preparation — (i) By heating under 4 or 5 atmospheres pressure a mixture of 
benzylidene dichloride and benzotnchlonde with the theoretical amount of caustic 
soda or lime, and distilling off the benzaldehyde with steam Sodium or calcium 
benzoate remains behind . — 


CqH. CHCla + zNaOH = CgHg CIIO + zNaCl + HjO 

B«nzal chloride Caustic soda Benzaldehyde Water 

Small quantities of chlorine compounds are contained m benzaldehyde prepared 
in this way This does not matter for the colour industry, but if the benzaldehyde 
is to be used for perfuming purposes, it loses greatly in value, and now is success- 
fully prepared for this purpose (2) by oxidising toluene with nickel or cobalt oxide 
(German Patent, 306,071, 1901, Chemtker Zetiungy 25, 439, 1901) 

Colourless liquid with smell of bitter almonds, B.P. 180* C. , sp gr. (15* C ) — 
I 0504. 

Valuation — 90 per cent of commercial product should distil between 177® C and i8i* C. ; 
should have sp gr at 15® C. = 1.0504 ; X volume should dissolve almost completely in lo volumes 
warm aqueous sodium bisulphite, sp gr i ii, and on extracting solution with ether, evaporatmg 
ether, no pungent*smellin^ residue should be left {benzyl chloride) Chlonne is detected by fusing 
with sodium hydrate and nitrate, and precipitatmg with silver nitrate. Adulteration with nitro-benzene 
IS detected by a green colour on heatmg with strong potash solution, also by presence of N (heating 
with Na). On long keeping it oxidises to bensoic acid which crystallises out. 


Carboxylic Acids 

Benzoic Acid, C^Hj-COOH, is prepared from the calcium or sodium benzoate 
left in the preparation of benzaldehyde (see above), after distilling off all the 
benzaldehyde the calcium benzoate is decomposed by hydrochlonc acid, the 
preapitated benzoic acid is filtered off, dned, and sublimed White needles, M.P. 
121' C. ; B.P 249* C. Soluble in boiling water. 
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Salicylic Acid, CeH4(0H).C02H, is prepared by submitting dry sodium 
phenate (from phenol and caustic soda) to the action of dry carbon dioxide gas at 
ordinary temperatures, when sodium phenyl carbonate is formed . — 

QHg ONa + COa = CO^ Na 


This is then heated in a closed vessel at 120® 130® C for several hours, when it 
is converted quantitatively into sodium salicylate — 


CeHgOCOaNa = C6H4 


<°" )• 

^COONa/ 


which IS dissolved in water and salicylic acid precipitated by adding hydrochloric 
acid White needles, M P 156®. Steam-volatile Sparingly soluble in cold water. 
Gives a violet coloration with ferric chlonde. 

The manufacture and decolorisation are difficult For details see D.R. Patents, 429, 29,939, 
38,742, 65,131, 67,893, 73»279» 78,708, 133,500, also see Rautert, Ber,, 1875, 537 » Henderson. 

Joum Soc Chem Ind ^ 1890, 9, 591. 

Phthalic Acid (^-benzenedicarboxylic acid, C0H4 (C02H)2 (i : 2) 

Preparation — 100 parts naphthalene, i,Joo parts concentrated sulphuric acid, 50 parts mercury 
are heated together until the naphthalene is dissolved , then the mass is heated to 300*^ C m a still, 
when sulphur dioxide, carbon dioxide, water, phthalic acid, and phthalic anhydride distil over On 
cooling the crystals of phthalic acid are separated and dried by the centrifugal machine 

✓COv 

When heated with ammonia it yields phthalimide, C8H4<^ ^NH 

Plates, M P 2 1 3* C. , sparingly soluble in cold water, insoluble m chloroform 

CO 

The anhydride, forms long white needles, M.P 128® C , 

B.P. 284® C Largely used as a raw material for anthranilic acid, and so for 
synthetic indigo. 


Anthranilic Acid ((?-aminobenzoic acid), CgH4(NH2) COgH, is prepared by 
dissolving I part phthalimide and 2 parts NaOH in 7 parts water, cooling, and 
gradually stimng in 10 parts of sodium hypochlorite solution (5 per cent NaOCl) , 
finally heating to 80* C for some minutes, cooling, neutralising, and adding acetic 
acid in excess, when the greater part of the anthranilic acid separates out — 

0 /NH2 

NH -h NaOCl + 3NaOH =* ^ Na^ CO*. + NaCl + HgO. 

The anthranilic acid still remaining in solution is precipitated m the form of a 
copper salt by adding copper acetate Can also be easily prepared from i^ chlor- 
benzoic acid, C5H4.CI COOH (1.2), by heating with NHg in the presence of a trace 
of copper (In the absence of copper no action takes place ) Colourless plates, 
M.P 145* C. Used for manufacturing artificial indigo (see p 460). 


Diazo Compounds 

LITERATURE 

Cain. — “Chemistry of the Diazo Compounds ” London, 1908, 

See also under Synthetic Dyes 

When a solution of sodium nitrite is added to a solution of a primary amine (containing the group 
NHg), and the mixture is acidified, “ Diazo Compounds,” containing the proup, — Ns=N — , are formed, 
winch are usually unstable and sometimes explosive, but nevertheless give rise to a large number 0/ 
valuable colouring matters. 

Diazobenzene chloride, CjHj — N=N — Cl, one of the most frequently used 
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diazo compounds, is only known in solution, and is obtained by “ diazotising ” 
aniline hydrochlonde according to the following equation — 

C-Hj NHa-HCl + NaNOg + HCl = QHg— N:=N-~Cl + NaCl + 2HgO 

Aniline hydrochloride. Sodium Hydrochloric Diazobenzene Sodium Water 

nitrite acid chloride chloride 

The solution of aniline hydrochlonde is cooled by adding ice, and a 10 per cent solution 
(accurately titrated) of sodium nitrite gradually run m, in the exact amount required to decompose 
the base, excess of nitrous acid being avoided {test free nitrous acid turns KI + starch paper 
blue) The diazobenzene chloride is then immediately used while still in a liquid form 

Similarly Diazobenzene nitrate, CgHg — N=N — NOg, may be obtained by 
diazotising a solution of aniline in nitnc acid (aniline nitrate), but although it can 
be obtained in a crystalline state, is always used in the liquid form, since the solid 
product is dangerously explosive 


All these diazo compounds are extremely reactive in the liquid form For example, diazobenzene 
chloride, when added to aniline, immediately reacts as follows — 

C^Hg-^Ng^Cl 4 - 2Ce,H, NH, = CeH^-N^N— NH CgH^ + CgHs NHg HCl 

Diazobenienc chloride Aniline Diaxoaminobenzene 

(Gold yellow dye) 

The product, in the presence of aniline salts, may undergo an intramolecular transformation, 
forming aminoazobenzol C0H5 N=N — CgHj NH2, which again can be diazotised Besides 
monodiazo compounds di-, tri-, tetra diazo compounds occur, containing two, three, four, and more 
“diazo groups,” — N==N — , and these bodies form an enormous number of colouring matters known 
as “azo dyes” {q v.) 


Sulphonic Acids 

This important class of bodies contains the group SOgH, and, accordingly as 
this occurs once, twice, or more, are known as mono-, di-, tri , etc , sulphonic acids 
They are, as a class, distinguished by their solubility in water, and thus arises the 
possibility of using many substances as ‘Myes” which, unless sulphonated, are 
insoluble and so useless They are formed by acting on aromatic compounds with 
the following three agents — 

I Concentrated Sulphuric Acid, 66 * m the cold 

2. Fuming’ Sulphuric Acid, consisting of SOg dissolved m concentrated 
HgSO, 

3 Cblorsulphonic Acid, SOgHCl, prepared by heating together fuming 
sulphunc acid and salt * — 

H2S2O7 + NaCl = SOsHCl -h NaHS04 

Fuming sulpbiuic 
acid 

In the last named agent, the sulphonation, although proceeding readily, has the 
disadvantage of bemg attended with the evolution of HCl gas, thus . — 

SO3HCI + QHg = CgHfiSOsH + HCl 

Chlorosulphonic Benzene Benzene sulphonic dro 

acid acid chloric 

acid 

Benzene-monosulphonic Acid, CgHg SOgH-i- iJHgO, is prepared by 
agitating together 2 parts of benzene and 3 parts fuming sulphunc acid, with gentle 
warming, until no more benzene is dissolved. Next chalk is added and the 
liquid filtered from the precipitated calcium sulphate, and concentrated Needles, 
M.P. 4o*-42“ C ; deliquescent 

Dr Tyrer^s process consists in passing benzene vapour through sulphuric acid (i 84 sp gr ), at 
80"- 185® C. 86 per cent of phenylsul phonic acid is produced, and 14 15 per cent H2SO4 remains 
unchanged 

m- and /-Benzene disulphonic Acid, CeH4(S08H)2 (i • 3) and (i • 4) —A 
mixture of both these acids is used for preparing resorcin. 1 part benzene vapour 
IS led into 4 parts concentrated sulphuric acid heated to 240’ C. in retorts provided 



432 INDUSTRIAL CHEMISTRY 

with reflux condensers. The acid is neutralised with chalk, and the calcium salts 
crys^llised from water, when the meta compound crystallises first. Sometimes the 
calcium salts are transformed into potassium salts and the isomers separated by 
crystallisation, the potassium salt of the meta acid being less soluble than that of 
the para acid. 

/-Sulphanilic Acid, QH4.NH2.SO3H (i 14), is prepared by mixing 100 parts 
of aniline with 105 parts of concentrated sulphuric acid, and heating on trays in an 
oven at 180^-220* C. /^’Sulphanilic Acid is prepared by reducing w-nitrobenzene- 
sulphonic acid. Both varieties are colourless, crystalline solids, moderately soluble 
in water. 

Xylidine Sulphonic Acid, QH2(CH3)2NH2.S08H, is prepared by heating 
commercial xylidene (120 parts) with 400 parts of fuming (20 per cent. SO3) 
sulphuric acid, pouring the product into cold water, when the sparingly soluble 
sulphonic acid of metaxylidene, QH2.(CH3)2.NH2-S08H (i : 3 : 4 ; 6), separates out. 
The mother liquor is converted into sodium salts and concentrated, when sodium 
^-xylidene sulphonate, CoH2(CH8)2NH2.S08H (i : 4 : 2 : 5), separates out. 

Nitrotoluene Sulphonic Acid, QHg.CHg. 
S0pH.N02, is prepared by dissolving i part of 
/-nitrotoluol in 3 parts of fuming sulphuric acid 
and running the mixture into 15 parts of satu- 
rated brine, when the sodium salt of the acid 
crystallises out. 

Naphthalene Sulphonic Acids, 

CjoH^.SOgH. — The a-acid is obtained by treating 
I part finely divided naphthalene w’ith 2 parts 
concentrated H2SO4 or 10-15 per cent, fuming 
sulphuric acid, keeping the temperature between 
20“ C. and 40° C. By raising the temperature 
to C. the /i?-acid is obtained, and can 

be separated as a calcium salt. 

Naphthalene - disulphonic Acid, C^oH^j. 
(S03H)2, is obtained by heating i part naphthalene 
with 5 parts concentrated H2SO4 for four hours at i6o‘’-i8o“ C., and separating 
the tt- and ^-sulphonic acid, produced at the same time, as calcium salts. 

Naphthylamine Sulphonic Acid Q0Q.SO3H.NH2, is prepared by heating 
naphthalene sulphonic acid with a 20 per cent, ammonia solution in an autoclave 
under a pressure of 1 2 atmospheres : — 

C,oH 7.S03H -f NH3 + H^O = CioH 6.(S03H).NH2. + Hy -f HgO. 

Since hydrogen is formed and may not escape directly into the air (since it 
forms an explosive mixture with air) a special apparatus is used whereby contact 
of the hydrogen with air is avoided when the contents are discharged. A long 
tube abc passes through the cover down nearly but not quite to the bottom of the 
autoclave, the tube being bent at its upper end as in Fig. 198, and this part 
of the bend is filled with water, which prevents access of air to the hydrogen in 
the boiler. During the reaction the tube is firmly closed. But when the reaction 
is completed the tube is connected to another tube and the hydrogen pressure in 
the interior is used to force out the contents through the central tube — only a small 
re.sidue of liquid finally remaining in the boiler, which is used again for another 
operation. 
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HO OH 


o^a^-Dioxynapbthalene-ag-sulphonic Acid, 



, is produced by melt- 


SO3H 


ing ajOja^-naphthol disulphonic acid with solid NaOH at 250* C, or with NaOH 
■solution under pressure. White crystals , produces valuable azo d)es 

^liSg-Naphthylamine Sulphonic Acid, prepared by 

heating the ammonium salt of ^j^g-naphthol sulphonic acid for two days at 180®- 
500 * C. in an autoclave . — 




^SOsH 


OH 


NHg, is produced by 


i^i®A’Aminonaphthol Sulphonic Acid, 

HOsS 

melting /?-naphthylamine disulphonic acid with NaOH at 185* C. for six hours in 
an autoclave 



Phenylhydrazine/sulphonic Acid, (NH NHj) SOgH (1.4), is 
obtained by reducing diazobenzene sulphonic acid (from /'Sulphanilic acid) with 
sodium sulphite and boiling with concentrated HCl Also by sulphonatmg phenyl- 
hydrazine (which see) 

The Phenols (see Phenol, Cresol, p 422). 

Resorcinol, CeH4(OH)2 (1.3), is prepared by heating for eight to nine hours 
to a temperature of 270* C. 60 kg of sodium benzene disulphonate with 150 kg. 
of caustic soda in a cast-iron vessel, provided with mechanical agitation The 
product IS dissolved in water, acidified, extracted with ether, the ether distilled, and 
the crude resorcinol so obtained punfied by sublimation or crystallisation Crystal- 
line solid, MP ii8*C. , B.P 277* C. 

Pyrogallol, C^Hg ( 0 H )8 (i . 2 . 3), is prepared by heating gallic acid with three 
times Its weight of water for half an hour at 2oo*-2io* C in an autoclave. A pad 
of papp^ is inserted round the lid of the cover so that the COg gradually escapes * — 

QHo( 0H)3 COOH = qiTs (OH)s -h CO 2 . 

Gallic acid r> rogallol Carboa 

dioxide 

The solution is boiled with animal charcoal, filtered, and evaporated 
White needles, M P 132* C. , BP 210* C , easily soluble m water. Its solution 
m alkali rapidly absorbs oxygen from the air. 


The Naphthols, CioH^OH 

Two varieties exist a-naphthol, MP 94* C , ^-naphthol, M.P 122* C. 
<x-Naphthol is prepared by fusing sodium a-naphthalene sulphonate (i part) 
with 2-3 parts caustic soda and a little water at 27o*-3oo* C. m an iron 
vessel provided with an agitator. The sodium naphtholate rises to the surface, 
IS separated from the lower layer of caustic soda and sodium sulphite, and 
decomposed with COg gas The precipitated naphthol is dried and distilled — 
C3QH7.SO8H + KgO == C10H7 OK + KgSOg. The ^-naphthol is prepared in a 
similar way from the /J-naphthalene sulphonic acid 

Usually the a-naphthol is contaminated with 5 10 per cent /S-naphthol It may be prepared pure 
either by fractionally crystallising its salts, or, better, by decomposing a-naphthylamine with water 
in an autoclave — a C10H7 NH2 + H20 = a C10H7 OH-hNH,. 
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Ketones 

AntiifftQuitione) 0H4, IS manufactured by oxidising anthracene 

Finely powdered commercial anthracene (containing 60-90 per cent anthracene) is 
agitated with a boiling solution of sodium or potassium bichromate (i molecule 
bichromate : i molecule of true anthracene), while dilute ^2^04 solution (4 molecules 
H2SO4 to every molecule of bichromate used) is slowly run in over nine to ten 
hours The mixture is boiled, the crude anthraquinone filtered olf, dried, and ground 
It is then purified from any phenanthrene, acridine, carbazol, etc , present by 
heating with two to three times its weight of concentrated H2SO4 at no* C and 
pounng the mass into water The impurities are changed into soluble sulphonic 
acids, while the anthraquinone is precipitated unchanged It is washed with soda, 
filtered, and dned, and then contains 90-95 per cent pure anthraquinone. It is 
then used immediately for making alizarin {qv) Yellow needles, MP 277* C 
Fuming sulphunc acid converts it into monosulphomc acid, C10H7O2 SO3H, which, 
when fused with caustic soda, yields alizarin. 


Benzophenone or Diphenyl Ketone, CgHg CO CgHj, and Phenylmethyl* 
ketone or Acetophenone, C^Hg CO CH3, are obtained by the distillation of the 
calcium salts of the corresponding acids — 

{C,H, COalaCa = C.H, CO + CaCOg 

Calcium benzoate Benzophenone 

(CgH|j COa ) 2 Ca + (C2H302)2Ca = CO CH 3 -i- 2CaC03 

Calcium benzoate Calcium acetate Acetophenone 


Nitro-, ammo-, and diamino-derivatives of these bodies are used, eg y Diamino- 
benzophenone, NHg C0H4 — CO — CgH4 NHg, prepared by nitrating benzophenone 
and then reducing 


< C H N^CH ) 

r h'n CHV "manufactured 


^QH,N(CHg)2 

,12 (prepared by direct union of CO and CU 


in 


by passing phosgene gas, COCl_ 
sunlight, and, smce it easily liquefies at 8* C under atmosphenc pressure, con 
densed to a liquid by pressure and kept stored up in steel cylinders), is passed into 
Dimethyianiline at ordinary temperatures until the dimethylaniline has increased 
50 per cent, by weight — 

■ COCI2 = COECjH.NfCHalaJa + 2HCI. 

Phosgene Tetramernvldiamino- 

gas benzophenone 


aCjH. N(CH,)s 

Dimethylaniline 


The liquid is then heated for some time, the excess of dimethylaniline steam- 
distilled off, the residue dissolved in HCl and precipitated by alkali Solid , M.P. 
179* C It is converted on a large scale by reducing agents into Tetramethyl- 
diaminobenzhydrol, HO.CH [CeH4N(CH8)2]2 (see p 466). 


APPENDIX 

Preparation of Organic Compounds by Electrical Processes 

LITERATURE 

Walther L 5 b*s “Die Elektrochcmie der organische Verbmdungcn.” 3rd EdftkNL 
Halle, 1905. 

Elbs* “ Ubungsbeispiele ftlr die elektrolytische Darstellung Chemische Prilparate " 
Halle, 1902. 

Fischer’s Jahresbenchte cUr ckem. Technologies 1884 onwards 

The electrolytic oxidation and reduction of organic compounds have been the 
subject of investigation for many years, and has been attended with important 
ted^ical results. 
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Thus Elbs and Brunner {ZetL f Elektrochemte^ 6, 604, 1900) obtained a yield 
of 80 per cent, formaldehyde by electrolysing a sulphuric acid solution of methyl 
alcohol 

Iodoform may be prepared by electrolysing a mixture of 14 parts sodium 
carbonate (anhydrous), 10 parts KI, loo parts water, 20 parts alcohol, at a 
temperature of 70'’ C — 

CH3CHPH + lol + H2O = CHI3 + COg + 7HI 

A quantitative yield of Bromoform, CHBr^, is obtained by electrolysing an 
aqueous solution of acetone and KBr (Ztschr fur Elektrochemie^ 10, 409, 1904). 

Chloral is obtained {Elektrochem Ztschr^ 1 70, 1894) by allowing alcohol 
to flow into the anode chamber of a cell in which a KCl solution is being 
electrolysed 

Crude sugar-rich liquids are now purified by electrolytic reduction 
i^Jahrbuch der Elektrochemie^ 3, 322, 1896, 8, 628, 1901) 

Acetone is reduced by electrolysis in an acid or alkali solution tc Isopropylalcohol 
and Pinacone (D R Pat, Nr. 113,719, 1899) 

Nitrobenzene, CgHgNOg, can be electrolytically reduced in stages, first to 
azo compounds, then to hydrazo compounds (Jahresber d chem Tech 1894, 1896, 
1901) The same holds true of other nitro-aromatic bodies 

Thus, ^-Azo-toluol is obtained by electrolytically reducing nitrotoluols 
(Rohde, loc city 1899) Amino compounds, however, are finally obtained by 
electrolysing certain nitro-bodies Thus, ^-Nitro-dimethylaniline gives on 
electrolytic reduction first Tetramethyl-//?-diaminoazoben2ol, and finally 
Tetramethyl-^-diaminohydrazobenzol ;;?-Nitraniline may be electrolytically 
reduced to w-Diaminoazobenzol (Wulfing, 1899). 

Farbenfabr (1901) made the important discovery that nitro-bodies are 

readily reduced to azo and hydrazo compounds without their necessarily being 
dissolved in a solvent (such as alcohol, nitrobenzene, etc ) The cathode consists 
of a metal such as zinc, tin, lead, etc , and surrounding it is placed an alkaline 
solution of the metal and the nitro-body to be reduced The anode is separated 
from the cathode by a diaphragm, and consists of carbon, platinum, or some other 
inactive substance, immersed in a solution of soda, sodium sulphate, or sodium 
chloride In the last case chlorine is evolved and may be employed to give rise 
to chlorine derivatives. The liquid about the cathode is vigorously stirred during 
the passage of the current If the mtro-body is volatile, condensers must be 
attached to the cathodic chambers, since the heat evolved by the current may 
cause the nitro-body to volatilise By such an apparatus they convert nitrobenzene 
completely into azobenzol in six to seven hours, the solid azobenzol separating 
when the cathodic fluid is cooled and is purified in the usual way. The production 
of hydrazobenzene requires a longer time. 

Paranitrotoluene, C<,H4 NO2.CH3, may be completely oxidised to Paranitro- 
benzoic Acid, C3H4 NOg COOH, by dissolving 7 5 parts paranitrotoluene in 
40 parts glacial acetic acid, adding 20 parts concentrated H2SO4 and 20 parts 
water and o i part MnS04, then placing the mixture in the anodic compartment 
of an electrolytic cell, and electrolysing at 80* C with a current density of 
17s amperes per square metre fahresbertchte d chem. Tech. 1901). 

Aniline may be somewhat similarly oxidised to Quinone at the anode of an 
electrolytic cell 
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Benzidine may be prepared electrolytically from nitrobenzene (see Lob, 
Jahresberuhte d chem Tech 1900, 1901) 10 parts of nitrobenzene are dissolved 

in 50 parts of a 3 per cent NaOH solution, placed in the cathodic compartment of 
an electrolytic cell, and vigorously ^stirred while a current of 10 amperes per 
100 sq cm. is passed at a temperature of 8o*-ioo“ C. until the whole is reduced 
to the azoxy state. 

Then 20 parts H2SO4 in 50 parts water are added, and reduction earned 
further at ordinary temperatures, when the azoxybenzene passes completely into 
benzidine sulphate <?-Nltrotoluene may be in an exactly similar manner reduced 
to 0 azoxytoluene, which is then acidified as above and reduced to tolidine sulphate. 

The above brief account gives an idea of the technically important results which 
can follow the application of electrical processes to organic compounds. 



SECTION XIII 

Industry of the Synthetic Colouring 
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Introduction 

The origin and development of the coal-tar dye industry represents one of the greatest tnumphs 
of modern chemistry 

In 1834 Runge discovered phenol and aniline in coal-tar The researches of A W Hofmann 
{1842-63) revealed the chemical nature of sc\eral of the more important constituents of coal-tar. 
The industry practically dates from 1856, when Perkin obtained Mauve by oxidising aniline In 
1859 Verguin isolated ruchsine Soon afterwards Aniline Blue was discovered, which Hofmann 
in 1863 showed to be a derivative of Rosaniline In 1868 and in 1869 Graebe and Liebermann 
synthesised Alizarm from anthracene by two methods, the second of these being almost simul- 
taneously discovered by Perkin In 1871 Baeyer discovered the Phthaleins In 1876 E and O. 
Fischer worked out the constitution of the Rosaniline colours About the same time the manu- 
facture of the Azo colours was begun In 1884 the Congo Red Cotton Dyes were introduced 
Indigo was synthesised by Baeyer in 1880, but its manufacture only became a commercial success 
after Heumann’s synthesis in 1890, the product being placed on the market by the Badische Anilin- 
und Soda-Fabnk in 1897 The first sulphur dye, Cachou de Laval, was made by Croissant and 
Bretonni^re in 1873, the sulphide dye manufacture dates practically from Vidal Black (1893) 
In recent years the most nolew'orthy dates are 1901, the year of the discovery of the first Anthracene 
Vat Dyes by the Badische Amlin und- Soda Fabrik, and 1905, when Thiomdigo was produced by 
Friedlander 

Although the dye industry was founded in England by Perkin, who established a factory for the 
manufacture of Mauve, and later of Alizarin, the trade has gone largely into German hands This 
has been attributed to a variety of causes which cannot be considered at length here Suffice it to 
say that probably one of the most weighty of these causes was the unfortunate divorce of science 
from industry which largely prevailed in this countr> until recently, whereas the contrary was the 
case m Germany. It is noteworthy that the men who founded and built up the enormous German 



440 


INDUSTRIAL CHEMISTRY 


undertaking were not business men m the usual sense of the word, but were themselves chemists 
of note and realised to the full the importance of research Then, too, every improvement was 
patented, and the industry was thus gradually surrounded by a ring of patents, which rendered the 
entry of new competitors into the market increasingly difficult Among the German colour factories 
the following may be especially noted The Badische Amlin- und Soda Fabnk in Ludwigshafen am 
Rhem is the largest chemical factory in the world, employing 7,500 workmen, 197 university 
tramed chemists, 95 engineers, and 709 clerks (1906) The Farben&bnken vormals F. Bayer & Co 
m Elberfeld and Leverkusen is almost as large. Other very large firms are Cassella & Co in Frank- 
furt am Mam, the Farbwerke vormals Meister Lucius & Briinmg of Hochst, the Aktiengesellschaft 
iiir Anilm Fabnkation of Berlin, and Kalle & Co of Biebrich The most important English firms 
are Read Holliday & Sons of Huddersfield, and Levinstein & Co of Manchester 

The worth of the coal-tar colours manufactured annually amounted in 1910 to ;^20,ooo,ooo ; over 
three-quarters of this value are manufactured by the German firms 

Statistics. — The following numbers show the value of the import of synthetic dyes into tlic 
United Kingdom (almost entirely from Germany) . — 

Imports 



1906. 

1913 

Value in 1913 

Alizann and anthracene dye-stuf& • 
Aniline and naphthalene dye-stuffs 

Synthetic indigo 

Other coal-tar dye-stuffs - - - | 

Total - 

Cwt 

57,300 

188,600 

39,000 

700 

Cwt. 

60,800 

283,000 

23,900 

155 

;^272,00O 

1 , 543,000 

76,700 

570,000 

285,600 

367.855 

;{;2,46i,700 


The export of coal-tar dyes from the United Kingdom amounted in 1910 to 56,000 cwt , value 
;fl 96 ,ooo 

The United States imported^ principally from Germany — 



1906 

1910 

Value in 1910 

Alizann colours . - . - - 

Coal-tar colours and dyes 

Indigo 

Lbs. 

3.882.000 

7 . 393.000 

Lbs 

3.023.000 

7 . 540.000 

$648,000 

6.011.000 

1.196.000 


The United States exported of dyes and dye-stuffs — $491,000 in 1906, and $380,000 in 1910 
The German net export of coal-tar colours (including aniline oils and intermediate products) 
amounted in 1909 to 1,600,000 cwt (more exactly, 83,250 metric tons), having a net value of 
;£’io,ooo,ooo 

For statistics regarding Indigo see p. 46L 

Almost all the artificial colounng matters are derivatives of benzene, naphthalene, 
or anthracene, which are obtained from coal tar. 1,000 tons of coal tar yield, when 
worked up, 2 5 tons of fuchsine, o 75 ton of indigo, o 2 ton of alizarin, and o 2 ton 
of picric acid. Since the number of artificial dye-stuffs runs into several thousands, 
it is impossible within the limits of the present article to mention more than a few 
of the more important of each separate group, placing special emphasis on new 
classes of dye-stuffs, such as have been specially developed within the last few 
years. For particulars of special dyes the reader must consult the works cited at 
the beginning of this section 

Classification of Dyes. — Dyes may be classified either according to their 
chemical composition or accordmg to their dyeing properties. In discussing the 
manufacture of dyes, the former method of procedure is the only suitable one, 
the second method being used when the technology of dyeing is under consideration. 
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The following scheme shows the arrangement followed in the present article, the 
three groups which are of the greatest importance at the present time being con- 
sidered first — 

I. Azo dyes (including pyrazolone and stilbene dyes). 

2 Dyes of the anthracene senes 

3 Dyes of the indigo and thioindigo series 

4. Di- and tri-arylmethane dyes 

5 Pyrone dyes 

6. Azine dyes 

7. Oxazme dyes 

8. Dyes containing sulphur (thiazine, thiazole, and sulphide dyes). 

9. Acndine dyes 

10 Minor groups of dyes — nitro and nitroso dyes, quinoline dyes, oxyketone 
dyes, mdophenols, indamines, aniline black 

We will take them in this order in the following pages 

I. AZO DYES 

The azo dyes form the largest group of dyes known , they denve the name 
from their characteristic azo group, consisting of two nitrogen atoms and usually 
written — N=N — , or — N2 — According as the azo group occurs one, two, three, 
four, etc , times in the molecule, the dyes are described as monoazo, disazo, trisazo, 
tetrakisazo, etc 

The azo dyes were discovered by Gness in 1858 and some were put on the 
market soon afterwards, but as a class the dyes did not come into existence until 
about 1876. 

Method of Preparation — When a pnmary amine is treated with nitrous 
acid at a low temperature, diazo compounds are formed according to the equation — 

R NH2 4 - HNOa = R N==N OH + H2O 

Amine Nitrous Diaro 

acid hydroxide 

In practice aromatic amines only are used, and nitrous acid is replaced hy 
sodium nitnte and an acid, usually hydrochloric acid The reaction then 
becomes — 

R NHa 4 - NaNOa + 2HCI = R N==N Cl + NaCl + 2H2O 

Amine Diazo chloride 

The diazo compounds can then react with other compounds, usually aromatic 
amines or phenols, producing azo compounds, which, if of suitable constitution,, 
act as dyes The reaction is — 

R N=N Cl + R'H = R N=N R' + HCl 

Diazo Second Azo 

compound component compound 

The amine which is diazotised is referred to as the diazo or first component, 
while the compound R^H is called the second component 

The operation is carried out in practice as follows — 

A molecular proportion of the amine to be diazotised is dissolved in water with about 2 ^ mole- 
cular parts of hydrochloric acid ; a solution of a molecular part of nitrite is then run in gradually 
while the reaction mixture is kept cool and stirred After diazotisation is complete, the solution is 
added to a solution of a molecular proportion of the second component, and stirring is continued 
until the combination is finished , the dye either precipitates or is salted out by means of salt or 
hydrochlonc acid, and is filtered off, washed and dried 

The diazo reaction is capable of very wide application, but some amines cannot 
be diazotised except under special conditions, while others do not give the normal 
diazo salts — some of these will be noted later The diazo compounds in general 
are not very stable, accordingly some amines (aniline, toluidines, etc.) must be 

32 
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diazotised at o* C., while for others (nitranilines, naphthylamines, etc.) a temperature 
of about lo* C. IS suitable In some cases tnnitraniline) the diazotisation is 
effected by nitrite in the presence of cold concentrated sulphuric acid, while the 
I 2- and 2 • i-aminonaphthols are diazotised in the presence of salts of copper, 
zinc, etc. 

Besides nitrite, various other diazotising agents are occasionally employed, for 
instance, nitrosyl chloride, and nitrosulphonic acid 

It is unnecessary here to consider further the nature of the diazo compounds, 
or the various formulae which have been proposed for them A full discussion of 
these will be found in Cain’s “ Chemistry of the Diazo Compounds” (Arnold, 1908). 
Kekul^’s formula, R N==:N X, expresses the facts sufficiently for our present purpose. 

In connection with the operation of coupling the diazo compounds with the second component, 
the following points should be noted phenols are coupled m an alkaline solution (sodium carlxinate), 
while if the second component is an amine it is coupled in a neutral or acid (usually hydrochloric or 
acetic) solution 

The azo group generally enters the molecule of the second component in the para-position to 
the amino or hydroxyl group of this body, or, if this combination be impossible, m the ortho-position 
Thus aniline, phenol, a-naphthol, a-naphthylamine couple in the para-position, /-toluiaine and 
^-cresol in the ortho-position, while / 3 -naphthol couples in the a-ortho-position In the case of 
the naphthylamine or naphthol sulphonic acids, the positions of the sulphonic groups often determine 
the position taken up by the azo group In the case of some of the heteronuclear ammonaphthol 
sulphonic acids, e g , the 286, 257, i 84, i 85, 1 836 acids, different products are 
obtained according as the combination is effected in alkaline or in acid solution — in alkaline solution 
the azo group enters in ortho-position to the hydroxyl group, while in hydrochloric acid solution it 
enters in ortho- position to the amino group 

An important variation in the process of preparing azo dyes is the production of 
these Jyes “ on the fibre ” A typical instance is Paranitraniline red , to produce 
this dye, the material to be dyed is impregnated with j0-naphthol by passage 
through an alkaline bath of this compound, and is then passed into a second bath 
containing diazotised /-nitraniline, the dye thus being produced on the material. 
For use in this process the diazotised /-nitraniline is sometimes converted by the 
action of caustic alkali into a stable isomenc form, the so-called nitrosamine, which 
may be formulated N02.C^H4 NNa NO, and is sold as such , when required for use, 
the nitrosamine is reconverted into the active diazo compound by treatment with 
acid (see pp. 45 ^, 478, S 4 S» 


Monoazo Dyes, RN=N.R' 


The monoazo dyes are prepared according to the methods described above; 
their number is very great, and only a few typical ones are described here Their 
dyeing properties vary according to their constitution, a large number dye wool 
in acid baths ; an important and growing group of these consists of the so-called 
ortho-oxyazo dyes, obtained from diazotised c?-aminophenolic compounds — these 
dye wool with chrome mordants, a large number of monoazo dyes are used as 
parent materials for the manufacture of pigments or lakes Some typical monoazo 
dyes are tabulated below 

Acid Wool Dyes 


Acid yellow 
Azococcine 2R • 
Crystal Ponceau \ 
,, scarlet 6R / 
Fast red A 

>» >» ® 

Lanacyl blue BB 
Metanil yellow - 
Orange II 
Palatine red 
Ponceau 2G 
„ 2R 

M 4R 
„ 6R . 
Tropaeoline O - 


Aminoazobenzene disulphonic acid 
Xylidme + 1 4-naphthol sulphonic acid, 

a-Naphthylamme + 26 8-naphthol disulphonic aad 

Naphthionic aad + jS-naphthol 

a-Naphthylamine + 2 3 6-naphthol disulphonic acid. 

1:8*3 6-aminonaphthol disulphonic acid 1 : 5-aminonaphthoL 

Metanihc acid + diphenylamme 

Sulphanilic acid jS-naphthol. 

a-Naphthylanune + 1 3 . 6-naphthol disulphonic acid 

Aniline -1-2 3 • 6-naphthol disulphonic acid. 

m-Xyhdine + 2 3 : o-naphthol disulphonic acid. 

^-Cumidine -1-2:3 6-naphthol disulphonic aad 
Naphthionic acid + / 3 -naphthol trisulphomc add. 

Sulphanilic acid + resorcin. 
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Dyes for Chrome-Mordanted Wool 

(«) From Diazotised ^^-Aminophenols —Most of these dyes are of recent 
intioduction, so it is difficult to ascertain the trade name of a dye of a particular 
constitution. Typical combinations are : — 

4-acetylamino-2-aminophenol-5-sulphomc acid+/9-naphthol, etc (Cassella, English Patent, 
3,182, 1903) 

i-ainino-2-naphthol sul phonic aads -f naphthols, naphthol sulphonic acids, aminonaphthols, 
aminonaphthol sulphonic acids, dioxynaphthalenes, diox^aphthalene sulphonic acids, 
resorcin, f/i-aminophenol, f;/-diammes, etc (Geigy, English Patent, 15,025, 1904) 

tf-aminophenol and its methyl, chlor, nitro, etc , derivatives + chromotropic acid (MLB, 
English Patent, 26,383, 1905). 

Nitro or chlor derivatives of <?-aminophenol + 2-arylamino-5-naphthol-7-sulphonic acids (Bayer, 
English Patent, 14,921, 1906) 

Nitro or chlor deri\atives of i>-aminophenol+ alkyl or aryl derivatives of «-aminophenol 
(Bayer, English Patent, 25,177, 1908) 


(b) other Dyes for Chrome-Mordanted Wool.— 


Alizarine yellow GG 
Azochromine - 
Azofuchsme B - 
Chromotrope 2B 
Diamond yellow R 
Milling yellow 


»i-Nitraniline + salicylic acid 
Aminophenol + pyrogallol 

Toluidine+ 1 . 8 4-dioxynaphthalene sulphonic acid 
/-Nitraniline+ 1 8 3 6-dioxynaphthalene disulphonic acid. 
Anthranilic acid + salicylic acid 
2'Naphthylamme sulphonic acid + salicylic acid 


Dyes used in the Manufacture of Lakes 


Many of these dyes also are of recent introduction, so the trade names are 
difficult to obtain 

One of the best known is Lithol red (2-naphthylamine-i -sulphonic acid + 
fl-naphthol) (BASF, English Patent, 25,511, 1899) 

Other typical combinations are • — 


<7-Nitraniline-/-sulphonic acid or /-nitraniline-^-sulphonic acid+/3-naphthol (M.L B , English 
Patent, 16,409, 1901) 

Aniline, etc -H2 3’oxynaphthoic acid (Akt Ges fur Amlin Fabnkation, English Patent, 


1,235, 1903) 

2 Naphthylamine disulphonic acids -H naphthol sulphonic acids (Bayer, English Patent, 12,512, 


1904) 

Nitrochloranilmes-l-)3-naphthol (BASF, English Patents, 6,227, I907» w^d 6,228, 1907) 


Direct Cotton Dyes 

The combination of diazotised dehydrothiotoluidine sulphonic acid or primuline 
(see p 478) with various components give cotton dyes, — 

Oriol yellow — pnmuline + salicylic acid 

Rosophenine loB — dehydrothiotoluidme sulphonic acid+ i -naphthol 4- 
sulphonic acid. 

Various denvatives of 2:5; 7-aminonaphthol sulphonic acid when combined 
with diazo compounds (aniline, toluidine, xylidine, naphthylamines, etc ) give cotton 
dyes, — 

2-acetylamino-5-naphthol-7 sulphonic acid, 2-benzoylammo-5-naphthol-7-sul- 
phonic acid, aminobenzoyl-2-amino-5-naphthol-7 -sulphonic acids, amino- 
phenyl-i • 2-naphthothiazole-5-oxy-7-sulphonic acids, aminophenyl-1-2- 
naphthiminazole-5-oxy-7-sulphonic acids, etc. 

Disazo Dyes, R N=N R'.N=N R" 

There are three mam types of disazo dyes : {a) primary, {b) secondary, (r) disazo 
dyes fiom tetrazotised diammes. 
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(a) Primary Disazo Dyes — Certain azo dye components can be coupled 
with two diazo groups, such components are phenol, resorcin, a-naphthol, w- 
phenylenediamine, w-toluylendiamine, w-aminophenol, the aminonaphthol sulphonic 
acids referred to above, which can be coupled in acid or alkaline solution yielding 
different products, and the i . 8-dioxynaphthalene-4-sulphonic acid or -3 6- 
disulphonic acid To prepare the primary disazo dyes, two molecular proportions 
of an amine, or one molecular proportion of each of two different amines, are 
diazotised and coupled with one molecular proportion of the second component. 
Thus Resorcin Brown is obtained by coupling /^/-xylidine (i molecule) and 
sulphanilic acid (i molecule) with resorcin (i molecule) 


CeH,(CH8)a.N= 


OH 


N=N C6H4 SO^Na 


wf-Xylidmcv 

or, \Resorcin 

Sulphanilic acid^ 


Naphthol Blue-Black is obtained by coupling i S-ammonaphthol 3 6- 
disulphomc acid (H acid) first with ^-nitraniline in acid solution, and then with 
aniline in alkaline solution 


OH NHa 

C,Hj N=NY'\'^N=N CeH4NOs /-Nitranilme. 

or, acid 


NaO,S\Js^L 


SOaNa 


Aniline'' 


It dyes wool in an alkaline bath 

Other primary disazo dyes are — 

Terracotta F (dyes cotton) — Sodium salt of — 

^Primulincv 

yw-phenylenediainine 
Naphthionic acid^ 

Cotton Orange R (dyes cotton)— 

PrimulmCv 

- phenylenediamined isul phoni c acid, 

Metanilic acid^ 


Fast Brown (acid wool dye) — 


Naphthionic acidv 

^resorcin 
Naphthionic acid^ 


(b) Secondary Disazo Dyes are obtained by coupling diazotised aminoazo 
compounds with amines, phenols, etc In order, therefore, to prepare bodies of this 
type it IS necessary to diazotise twice — first an amine is diazotised, then the diazo 
salt thus produced is coupled directly to another amine — the “ middle ” component 
— and the amino group in the aminoazo body thus produced is then diazotised, and 
finally the product thus obtained is coupled with an amine, phenol, etc 

The amines employed as “ middle components must be of such a nature that 
when combined with the first component they can be rediazotised to yield a diazo 
salt. Thus the amines generally employed are those which, on coupling with the 
first component, give either para-aminoazo compounds, or aminoazo compounds 
containing the amino and azo groups in different nuclei , examples of the first t3jpe 
are anilme, 0- and w-toluidme, ^-xylidine, f?-anisidine, cresidine, a-naphthylamme 
and Its 6- and 7-sulphonic acids (Clove’s acids) , examples of the second type are 
2*5.7- and 2:8: 6-aminonaphthol sulphonic acids, combined in alkaline solution, 
and the recently discovered derivatives of aminonaphthol sulphonic acids contaming 
a heteronuclear amino group, such as the aminophenyl-i 2-naphthiminazoleoxy- 
sulphonic aads, and the aminobenzoylaminonaphthol sulphonic acids. 


See p 478 
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An example of such dyes is Fast Violet R, produced by (i) diazotising 
sulphanilic acid, (2) coupling the diazo compound with a-naphthylamine, giving 

WCrr ‘ ^ (3) diazotising once again , and (4) coupling with 


^SOgH 


/8-naphthol sulphonic acid S, thus obtaining the dye — 


CioHe— N«=Nv .SOaNa 

^SOaH 

Fast Violet R 


H 


Biebrich Scarlet is prepared by coupling ammoazobenzene disulphonic acid 
with jS-naphthol, and has, therefore, the constitution — 

^SOaH .N=N-~CioHa OH 

CaH4~N=N-C8Ha~SOaH 

Other secondary disazo dyes are — 

Brilliant Croceine M (acid wool dye) — Ammoazobenzene +2 *6 S-naphtholdisul phonic acid 

Cloth Scarlet G (acid wool dye) — Aminoazobenzenesulphonic acid + p naphthol 

Croceine Scarlet 7B\ (acid wool dye) — Aminoazotoluene sulphonic acid + 2 8 naphtholsulphonic 
„ „ 8B/ acid 

Diaminogen (dyes unmordanted cotton blue) — Acetyl* i • 4-naphthylenediamme 6 and -7-sulphonic 
acid + a-naphthylamine 4-2 6 naphthol sulphonic acid (product saponified) 

Janus Red (dyes cotton and wool) — w-Aminophenyltnmethylammonium chloride -h w-toluidine + 
^ naphthol. 

Naphthylamine Black D (acid wool dye) — Naphthylamine disulphonic acid + a naphthylamine-f 
a-naphthylamine 

Ponceau 4RB \ (dyes wool and cotton) — ^Ammoazobenzene sulphonic acid + 2 8-naphthol 
Croceine Scarlet 3B / sulphonic acid 

Recently a number of secondary disazo dyes have been prepared having 257 aminonaphthol 
sulphonic acid and its alkyl, aryl, acidyl, etc , derivatives as end components These dye cotton 
blue to violet shades (See English Patents, Nos 14,248, 1907 , 4,767, 1909 , 4,768, 1909 , 
11,364, 1909 ) 

(c) Disazo Dyes from Tetrazotised Diamines —This type of disazo dyes 
IS prepared by tetrazotising, / c , diazotising both the amino groups of a primary 
diamine and combining the tetrazo compound so obtained either with two molecular 
oroportions of one dye component or with one molecular proportion of one com- 
ponent and one molecular proportion of another component, in the first case the 
dyes are referred to as “ symmetrical ” and in the second case as “ mixed disazo 
dyes 

The most important diamines in this connection are the so-called para-diamines, 

of which benzidine, H 2 N~< ^ is typical, other well-known 

diamines of the benzidine type are <7-tolidine, dianisidine, diethoxybenzidine, 
benzidine-<?-disulphonic acid, benzidine sulphone Similar diamines containing two 
benzene nuclei connected by another group and containing in each nucleus an 
amino group, usually m the para-position to the connecting group, are diaminostil- 
bene disulphonic acid, /-diammodiphenylurea, azoxyaniline, etc The dyes derived 
from these diamines possess in general the highly important property of dyeing 
cotton directly {ie.y without mordants), and hence are known as direct or sub- 
stantive cotton dyes 

It should be noted, however, that the dyes derived from w-tolidme, m dichlorbenzidine and 
benzidine w-disulphonic acid do not dye cotton, but are acid wool dyes It should be noted further 
that all diamines cannot be tetrazotised— thus ortho- and pen diamines do not yield tetrazo salts 
but ring compounds, azimides Some meta-diamincs, e g , w-phenylenediamine, can be tetrazotised 
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like the paradiammes. The case of /-phenylenediamme requires special mention ; this body cannot 
be readily tetrazotised ; accordingly disazo dyes are prepared from this body by first diazotising 
^-nitraniline or an aadyl- (# ^ , acetyl) •/•phenylenediamine, combining the diazo compound with a 
dye component, reducing the nitro group or saponifying the acidylammo group, of the dye so 
obtained, then diazotising the ammo group so produced and combining with a second molecule of a 
dye component. A similar process is employed with the sulphonic acids of i 4-naphthylenediamine 

The following axe typical dyes of this class , except where otherwise stated, they 
dye unmordanted cotton — 


a Derived from Benzidine and its Derivatives 


Benzopurpunne B 


Congo Blue zB - 


Congo Connth G 


Congo Red - • • 


„ 4R 


Diamine Black BH 


Dianune Blue BB 


Diamine Brown B 


Diamine Red 3B \ 
Deltapurpunne 7B / 


Dianol Brilliant Red 1 
Toluylene Red • - f 


Ozamtne Red 


Tolidine<^ 

Tolidine<(^ 

Tolidine<^ 

Dianisidine<^ 

Dianisidine^ 

Benzidine<(^ 


Tolidme 


y2-naphthylamine-6 sulphonic acid. 

^2-naphthylamine 6-sulphonic acid, 
maphthionic acid 

maphthionic acid 

< i-naphthylamine 5*sulphonic acid. 

I -naphthylamine-S’Sul phonic acid, 
maphthionlc acid 

^naphthionic acid 

< i -naphthol-4-sulphonic acid 

2-naphthoh3 6-disulphonic acid, 

< naphthionic acid 

i-naphthol-4-sulphonic acid 
yi-naphthol-4-sulphonic acid 


Benzidine<[^ 

Tolidine<^ 


i-naphthol-4-sulphonic acid, 
naphthionic acid 

naphthionic acid 
naphthionic acid. 


< 2 8 • 6-aminonaphthol sulphonic acid 
(alkaline coupling) 

1.8:3* fi-aminonaphthol sulphonic acid 
(alkaline coupling) 

xi . 8 . 3 * 6 >aminonaphthol sulphonic acid 
Benzidine<^ (alkaline coupling) 

^183 6-aminonaphthol sulphonic acid 
(alkaline coupling). 


Benzidine* 


dicylic acid. 


^2 phenylamino-8 naphthol-6-suIphonic acid 
(alkaline coupling) 

< 2-naphthylamine-7-sulphonic acid 
2-naphthylaniine'7 -sulphonic acid. 

< 2 * 3 6-naphthylamine disulphonic acid. 

2 . 3 6-naphthylamine disulphonic acid. 

< salicylic acid 

2:5* 7-aminonaphthol sulphonic acid 
(alkaline coupling) 


Benzidine< 
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Ny*-phenylenediamine 


b . Derived from Phenylene and Naphthylene Diamines 

Azoalizanne Bordeaux W (dyes wool with chrome mordants) — 

✓Salicylic acid 
/-phenylenediamme<(" 

^1-4-naphthol sulphonic acid 

Bismarck BrowU) Manchester Brown (dyes wool, leather, and tannin mordanted cotton)— 

yW-phenylenediamine 
»f-phenylenediamine<^ 

Coomassie Black B (dyes wool) — 

✓2.3 6 naphthol disulphonic acid. 

1 : 4*diaminonaphthalene-2-sulphonic acid<^ 

^-naphthylamine 

Naphthylene Red— 

✓naphthionic acid. 

1 . 5-diammonaphthalene<^ 

Toluylene Orange RR— 

✓2-naphthylamine. 

Toluylenediamine sulphonic acid<^ 

^-2 


^naphthionic acid. 


■^2 naphthylamine. 


c Derived from other Diamines 

Benzo Fast Pink 2BL— 

^•diaminodiphenylurea disulphonic acid<^ 

Brilliant Yellow— 


2 . 8 6-aminonaphthol sulphonic acid. 
286 aminonaphthol sulphonic acid. 


Diphenyl Fast Black— 


✓phenol 

diaminostilbene disulphonic acid<^ 

^phenol 


✓286 aminonaphthol sulphonic acid 
t diaminoditolylamine<^ (alkaline coupling) 

toluylene diamine 


Hessian Yellow— 

< salicylic acid 
salicylic acid, 

St Denis Red — 

A 4 naphthol sulphonic acid 
Diaminoazoxytoluene<^ 

4-naphthol sulphonic acid. 


Trisazo Dyes, R N=N R' N=N R ' N==N R" 

Dyes containing three azo groups can be produced m a variety of ways 

1. From Secondary Disazo Dyes— 

{a) Where the end component of a secondary disazo dye is an amine capable of 
diazotisation, it may be diazotised and coupled with another component 

R N==N R' N=N.R" N=N R' N=N R" N=N O >R N=N R' N=N R" N=N R'" 

Example. — Acetyl- 1 4-naphthylenediaraine-7-sulphonic acid — >-Cl^ve’s acid — >-Cleve’s acid 
— >-2 , 5 7 -aminonaphthol sulphonic acid (For CUve’s acids, see p 444 ) 

A similar dye is — 

Clove’s acid — >-Cl^ve*s acid — ><^l^ve’s acid — >-2 5 7 -aminonaphthol sulphonic acid 

{b) When the end component of a secondary disazo dye is a component capable 
of combining with two azo groups, it may be combined with a further diazo 
compound. Similar products result on combining such a “double coupling” 
component with o.ie molecular proportion of a diazoazo compound and one 
molecular proportion of a diazo compound 
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Example* — Chrome Patent Green A — 

p aminosalicylic acid — >^-naphthylamine — : 8 ; 4 . 6-aminonaphthol sulphonic acid-4— aniline. 


a* From Tetrazotised Diamines— 

{a) By combining a tetrazotised diamine, such as benzidine, etc , with i molecule 
of a diazotisable middle component, a-naphthylamine, an intermediate com- 
pound IS formed, which is then diazotised, thus giving a tetrazo body which is com- 
bined with two molecules of a component or one molecule of each of two components. 


Example — Thus dianisidine is tetrazotised and combined with i molecule of a-naphthyl- 
amine, giving the intermediate compound — 


OCHj 

which IS diazotised, and the tetrazo body — 
Cl N=N-< 


Cl N==.N-<(^| 

OCH, 


NH, 


N=N-<(^ ^)>-< ^ ^ N=N-<^ ^N=N a 

OCH, OCH, y 


u combined with 2 molecules of i-naphthol-3 8-disulphonic acid to form the trisazo dye — 


Congo Fast Blue B— 



(/^) If a tetrazotised diamine is combined with a molecule of a diazotisable 
amine and i molecule of another component to form a mixed disazo dye, the 
amino group of the middle component can then be diazotised and combined with 
an end component 


Example — Benzidine is combined with i molecule a-naphthylamine and i molecule salicylic 
acid, giving — 

HOv 

^^CeH3-N=N-C6ll4-C6H4-N=N-CioHeNH2 


HOOC^ 


The ammo group is then diazotised and the diazo compound coupled with i-naphthol 4 sulphonic 
acid, giving Benzo Grey — 


HO, 

HOOO 


I^CeHg N=N-CeH4 C8H4.N=N CjoHe N«N-Caoll6<^ 


OH 

SOgNa 


The following are typical dyes produced by the methods 2a and ib (above) ; — 


Crumpsall Direct 
Fast uroymi O 


\ I" Benzidine^ 


salicylic acid 


Diamine Beta Black Benzidine< 


Ninilinc — >-2 phenylammo-8-naphthol-6-sulphonic acid 
183 6-aminonaphtholdisulphonic acid 


^/-xylidine — >■! *8.3 6-aminonaphtholdisulphonic acid. 


Diamme Bronze G 


Oatamme Violet RR 


Benzidine 

Benzidine 


ySalicylic acid 

^183 6-aminonaphtholsulphonic acid — >-w-phenylenediaminc. 
yi 4-naphthol sulphonic acid 

v«-phenylenediamine oxamic acid->- 1 4*naphthol sulphonic acid* 


In each of the above processes, 2a and 2b, when /-phenylenediamine is 
employed, a procedure is adopted similar to that described under disazo dyes, 
^-nitraniline or acidyl-/-phenylenediamine being the starting point, and the nitro 
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group being reduced, or the acidylamino group saponified at a suitable stage of the 
process. The process is similar in the case of i . 4-naphthylenediamine sulphonic 
acids 


3 A further method may be illustrated by the dye Diamine Green G; 
/-nitranilme is diazotised and combined in acid solution with i ; 8-aminonaphthol- 
^ : 6-disulphonic acid, giving the monazo dye — 



This is then combined in alkaline solution with the intermediate compound from 
1 molecule of tetrazotised benzidine and i molecule of salicylic acid — 


giving the trisazo dye- 


HO. 

HOOD 


N=N C,H4 C,H. N=NC 1 , 


HO. 


OH NH» 


\c,H8 n=n-c,h, c,H4 n=n-/y\n=n-c,h,no, 

IIOOC^ 


This dyes unmordanted cotton geen shades 


NaOgS 




SOsNa 


Other ^es of this type are Columbia Green, Diamme Green B, Diphenyl Green G and 3G, 
Diamine Black HW, Uiamine Black R All these are direct cotton dyes 


A similar method consists m taking a primary disazo dye in which, say, fh 
nitraniline or acet-/-phenylenediamine is one of the diazo components, reducing or 
saponifying, diazotismg the free ammo group so produced and combining with 
a component Thus, a i * 8-aminonaphthol, -dioxynaphthylene, or -naphthylene- 
diamine sulphonic acid is combined with i molecule diazo compound and i 
molecule /-nitraniline or acetyl-/-phenylenediamine, the product reduced or saponi- 
fied, diazotised, and combined with amines or phenols 

Another type is afforded by i 8 4 aminonaphthol sulphonic acid which can 
combine with 3 molecules of a diazo compound 

Finally, we may note a case in which a tnamine is diazotised and combmed 
with 3 molecules of a component — 


Alizarine Yellow FS 


•Magenta^ 


/Saliqrhc acid 
-Salicylic acid 
'^Salicylic acid. 


Tetrakisazo Dyes, R N-N R' N=N R" N=N R' ' N=N R" 
Here again various methods may be used A few examples are * — 

Benzo Brown G— 

Sulphanilic acid v 

yw-phenylenediamine. 

»f-phenylenediamine^ 

/w-pheny lened lamme 

Sulphanilic acid 

Mekong Yellow G— 

ySalicylic acid 
Benzidine<^ 

^Dioxydiphenylmethane. 

Benzidine^ 

^Salicylic acid 

Cuba Black, Diamond Black— 


Benzidine<f 


2 8 6-Aminonaphtholsulphonic acid — >'W-phenylcnediaminc. 
^2:8* 6-aminonaphtholsulphonic acid — >-w-phenylenediamine. 


♦ See p 469. 
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Higher polyazo dyes are known, but need not be discussed here, as they are not 
made or used to any great extent. 


Developing Dyes 

Many azo dyes are capable of conversion into azo dyes of a higher order by 
“development” on the fibre, the process is analogous to the production of 
paranitraniline red previously referred to (see pp 442, 478, 545, 558). 

Two cases arise {a) when the end component of an azo dye is a diazotisable 
amine, the dye is applied to cotton and is then diazotised in a bath of nitrite and 
acid, and then passed through a bath containing /?-naphthol or other component ; 
{d) when the end component is a compound capable of combining with two azo 
groups, the dyed material is passed through a bath containing a diazo compound, 
eg y diazotised /-nitraniline 


Pyrazolone Dyes 


It will be convenient here to consider a group of dyes the constitution of which 
does not seem to be definitely established , from their method of preparation they 
may be regarded as containing either azo or hydrazone groups 

The prototype of these dyes is Tartrazine, a valuable yellow acid wool dye. 
Tartrazine was first prepared by condensing i molecule of dioxytartaric acid with 
2 molecules of phenylhydra2ine-/-sulphonic acid thus — 


COOH HgN HN C8H4 SOgNa 

_ 

I Ndh 

C< HgN HN QH4 SOgNa 

I \r" 


^N^H4 SOgNa 
CO N 


^OH 
COOH 


-C COOH 


NaOgS CeH4 NH 


tfy the sodium salt of i-/-sulphophenyl-3-carboxy-4-/-sulphophenylh>drazone-5- 
pyrazolone 

Tartrazine is also produced by condensing phenylhydrazine/-sulphonic acid 
(i molecule) with oxalacetic ester (i molecule), which yields the ester of i^-sulpho- 
phenyl-3-carboxy- 5-pyrazolone, saponifying this ester, and acting upon it with 
diazotised sulphanilic acid ( i molecule) — 


.N^C8H4SO,Na 
CO N 

I 


NaOgS CeH4 N = N Cl + HgC C COOH 


CO 


^N^eH4S08Na 

N 


NaOgS C8H4N = N.HC- 


:--cooH 


This latter reaction suggests that tartrazine is an azo, not a hydrazone, 
compound. 


A large number of similar dyes have been prepared recently by combining vanous diazo com- 
pounds with pyrazolones, such as the i-/-suIphophenyl-3-carboxy-5-pyrazolone formulated above, 
the i-/-sulphophenyl-3-methyl-5-pyrazolone, and the two corresponding pyrazolones contaming no 
sulphonic group Generally these dyes give bright yellow, orange, or red shades; many are 
suitable for dyeing wool, others serve as die starting point for lakes, while some which contain a 
residue of benzidme, etc., dye unmordanted cotton. 


Stilbene Dyes (see p 544) 

Dyes containing a stilbene residue and obtained by tetrazotising diaminostilbene 
disulphonic acid and couplmg with components, have already been considered. 
There remains a group of dyes also containing the stilbene residue and probably 
containing azo groups, although they are not formed by the reactions of diazotising 
and coupling. On heating /-nitrotoluene sulphonic acid with aqueous caustic 
alkalis a complicated reaction (or senes of reactions) occurs, the chief products of 
which are yellow dyes, known as Curcumine S or Sun Yellow, Direct Yellow, 
Mikado Orang^ Stilbene Yellow, etc., which dye unmordanted cotton. 
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Curcumine S was formerly considered to be azoxystilbene disulphonic acid, and 
Direct Yellow dimtrosostilbene disulphonic acid, but according to Green and 
Crosland {Journ, Chem, Soc.^ 89, 1602), these dyes are more complex and contain 
two stilbene groups, Stilbene Yellow 4G and 8G being dinitroazodistilbenedisulphonic 
acid, Direct Yellow bein^ mainly azoazoxydistilbenedisulphonic acid, and Mikado 
Orange chiefly disazodistilbenedisulphonic acid 

A number of other ^es of this class have been prepared, but little is known of their constitution ; 
Poljchronune B and Diphenyl Orange RR are obtained by heating /-nitrotoluene sulphonic acid 
and /-phenylenediamine with caustic soda ; Curcuphenine is similarly obtained from p nitrotoluene 
sulphonic acid and dehydrothiotoluidine sulphonic acid 


2. DYES DERIVED FROM ANTHRACENE 

Under this heading are grouped a large number of dyes of varied structure and 
properties but possessing the common feature that the starting point in the pre- 
paration of each is anthracene, C..H„000, a residue or residues of this 


body or its oxidation product anthraquinone. 



being always 


present m the molecule of these dyes 

The first group of these dyes to be considered is the oxyanthraquinones of 
which alizarin is the prototype 

O DH 


Alizarin or i : 2-dioxyanthraquinone, 



-OH 


IS one of the oldest 


dyes in use and, after indigo, is perhaps the most important. It occurs in nature 
m madder in the form of a glucoside and was first obtained from this source 
The natural alizann is now almost entirely superseded by the synthetic product. 
Alizarin was first synthesised in 1868 by Graebe and Liebermann In 1869 
another and better synthesis was effected by them, and almost simultaneously by 
Perkin This process consisted in sulphonating anthraquinone to produce the 
O 


^-sulphonic acid. 



SOtH. By fusing this body with caustic alkali the 


O 


sulphonic group is replaced by a hydroxyl group and at the same time another 
hydroxyl group enters in the a-position This process has since been improved by 
the addition of oxidising agents, such as KCIO3, to the alkali, and this is now the 
usual process for preparing this dye. Alizarin is a mordant dye giving different 
stiades with various mordants Its chief application is for dyeing bright 
yellowish red shades on cotton mordanted by Turkey red oil (see p 43) and 
alumina. 

Closely related to alizann are two tnoxyanthraquinones : — 

Anthrapurpurin, i • 2 ; 7-trioxyanthraquinone, and Flavopurpurin, 1:2:6- 




Flavopurpttnn 
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These bodies are obtained by fusing with caustic alkalis the disulphonic acids 
which are obtained by sulphonation of anthraquinone 

Commercial alizarin often contains one or both of these bodies, since the 
anthraquinone sulphonic acid used for the manufacture of alizarin often contains 
a certain amount of the disulphonic acids Both these tnoxyanthraquinones dye 
alumina-mordanted cotton red shades. 

A third trioxyanthraquinone, Purpurin, i 2 : 4-trioxyanthraquinone, which 
occurs with alizarin in madder, is obtained by oxidising alizarine by manganese 
dioxide and sulphuric acid, and also dyes red shades with alumina mordants. 

A fourth trioxyanthraquinone, Anthragallol, i • 2 • 3'trioxyanthraquinone, is 
obtained by an entirely different process, viz, condensation of gallic acid with 
benzoic or phthalic acid, eg — 



It dyes brown with chrome mordants. 

Alizarin Bordeaux, 125 8-tetraoxyanthraquinone, is obtained by treating alizarin with 
fuming sulphuric acid, whereby a sulphunc es>ter of the tetraoxy body is first formed, and is then 
saponified , it dyes wool bordeaux with alumina mordants, and violet-blue with chrome mordants 

Alizarin Cyanine R, i 245 8-pentaoxyanthraquinone, is formed by oxidising Alizarin 
Bordeaux by various oxidising agents, e g , manganese dioxide in sulphuric acid, arsenic acid, lead 
peroxide, persulphates, nitric acid, or by electrolytic oxidation , it dyes blue to violet shades with 
mordants 

Similar oxidation of this pentaoxy body gives a hexaoxyanthraquinone — 

Anthracene Blue, i 2:4 5:6* 8-hexaoxyanthraquinone, is obtained by treating with sulphuric 
acid and sulphur sesquioxide, i 5 or i 8-dinitroanthraquinone, or the mixture of these two bodies 
formed by nitrating anthraquinone , apparently the nitro groups are reduced to ammo groups, which 
are then replaced by hydroxyl groups, while the other hydroxyl groups enter the molecule , the 
dyeing properties of this dye are similar to those of Alizarin Cyanine R 

Rufigallol, 12356 7-hexoxyanthraquinone, is obtained by condensation of 2 molecules 
of gallic acid {cf Authragallol above) , it dyes brown with chrome mordants 

It will be noticed that all the above-described oxyanthraquinones are mordant 
dyes, and all contain at least two hydroxy groups in ortho-position to one another; 
probably the property of forming lakes with mordants is dependent upon this 
structure The dioxyanthraquinones isomeric with alizarin, eg ^ quinizarin (i 4), 
anthrarufine (i 5), chrysazine (i 8), anthraflavic acid (2 . 6), do not possess 
dyeing properties 

We have now to consider a number of dyes which are derivatives of the 
oxyr.nthraquinones 

Alizarin Brown, a-nitroalizann (OH 0H:N02*i:2 4), is produced by 
nitrating alizarin in fuming sulphunc acid or in sulphuric acid containing arsenic 
acid, or by nitrating mono- or di-benzoylalizarin in sulphunc acid, nitration of 
alizarin in sulphuric acid containing boric acid gives Alizarin OrangO) /?*nitro- 
alizann (OH OH N02=i 2 3), nitration of flavopurpunn gives Alizarin 
Orange G (OH OH*OH*N02=i 263) Reduction of a-nitroalizarin gives 
a-aminoahzann, Alizarin Garnet R , Alizarin Maroon is a mixture of amino- 
alizarin and aminopurpunns, and is produced by nitrating commercial alizarin and 
then reducing 

Sulphonation of alizarin gives alizarin monosulphonic acid, Alizarin Red S 
(OH OH SOoH = i 2.3) Sulphonation of flavopurpunn gives Alizarin Red 
3 WS( 0 H 0 H: 0 H S03H-I.2 6 3) 

The above simple nitro-, ammo-, and sulphonic derivatives are also mordant dyes. 

The bodies next to be discussed are acid wool dyes dyeing without mordants, 
though some can be subsequently chromed. 
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Alizarin Saphirol B, diammoanthrarufin disulphonic acid, is produced by 
sulphonating anthrarufin, nitrating, and finally reducing 

Sulphonation and nitration of anthrachrysone (135 7-tetraoxyanthraquinone) 
gives dmitroanthrachrysone disulphonic acid dyeing brown shades , reduction 
gives the corresponding diamino bodies which dye violet , boiling the last named 
with alkali gives a hexaoxyatithraquinone disulphonic acid. Acid Alizarin Blue 
BB and GR 

An important property of the anthraquinone derivatives is the readiness with 
which negative substituents (Br, Cl, NOg, OH, SO3H) and also ammo groups can 
be replaced by substituted ammo groups NHR, where R is an alkyl or aryl radical. 
This reaction is applied in the production of a number of wool dyes , for example, 
quinizann when condensed with aniline, /)-toluidine, etc , gives — 




+ aRNHa 


° NHR 

/\/\ 


O NHR 


Sulphonation of these compounds gives Quinizarin Greens — 


Leuco Quinizann, 


OH OH 


NHRSOgNa 


^ NHRSO^Na 


gives the same products, the two meso-hydrox) 


V OH OIK 

groups being reoxidised to keto groups. 


Other dyes of this type are — 

Anthraquinone Violet— 


O NHC7H8SO8H 


HSO3 ^ 

Alizarin Pure Blue* 


O NHaH. SO.H 


O NHa 

Alizarin Cyanine Green— 

O NliCvHe SO,H 


O NHC7H7 


Alizarin Irisol — 

O ^H 


YYhc ,H,SO,H 


Alizarin Astrol— 

O NHC,H,SO,H 


NHCH, 
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Another type of anthraquinone derivative is that in which a nitrogen-containing 
nng IS added to the anthracene nucleus — the anthraquinolines > these are 
obtained from nitro- or ammo-oxyanthraquinones by Skraup’s quinoline synthesis, 
VIZ , by treating these bodies with glycerol and sulphuric acid ; in this manner 
/?-nitro- or y 3 -aminoalizarin gives Alizarin Blue, while a-aminoalizann gives 
Alizarin Green— 


O OH O OH 



Alizarin Blue Alizarin Green 


Both these compounds give soluble bisulphite compounds, Alizarin Blue S and 
Alizarin Green S, on treatment with sodium bisulphite, which are used m 
printing with chrome mordants 

A similar quinoline compound, Alizarin Black P, and its bisulphite combina- 
tion, Alizarin Black S, are obtained from / 3 -nitro- or /^-amino-flavopurpurm 

Treatment of Alizarin Green with strong sulphuric acid at high temperatures 
produces a i 2 5 7 8-pentaoxyanthraquinoline, Alizarin Indigo Blue, which 
also gives a soluble bisulphite compound, Alizarin Indigo Blue o , concentrated 
or fuming sulphuric acid with Alizarin Blue gives 125 8-tetraoxyanthraquinoline, 
Alizarin Green, bisulphite compound Alizarin Green S 

Recent Developments in Anthracene Dyes— Anthracene Vat Dyes 

In recent years there has been a great development m the anthracene dyes, 
chiefly in the production of the so-called vat ” dyes, t e , dyes which, like indigo, 
are insoluble, or practically so, in water, but yield on reduction colourless or slightly 
coloured “leuco” compounds which are soluble in alkali The fabric to be dyed 
IS impregnated with a solution of the leuco compound, and the dye is developed by 
oxidation in air or otherwise 

Vat Dyes derived from Anthracene — The oldest anthracene vat dye is 
Indanthrene, Indanthrene Blue R, which is prepared by melting 2-ammo- 
anthraquinone with caustic alkali (BASF, English Patents, 3,239, 1901 ; 22,762, 
1901) 

Indanthrene is N-dihydro-i 2 • i' ‘ 2'-anthraquinoneazine — 



and dyes blue shades 

Indanthrene can also be prepared by condensing i-amino-2-halogenanthraquinone 
(or 2-amino-i-halogenanthraquinone) with itself (F. v Bayer, English Patent, 
7,692, 1904), by condensing i ' 2-diaminoanthraquinone with i 2-anthraquinone 
and oxidising the product (F v Bayer, English Patent, 12,756, 1905); by con- 
densing I 2-diaminoanthraquinone with alizann (F. v, Bayer, English Patent, 
9,102, 1906), and together with Flavanthrene (s?, by treating i-aminoanthra- 
qumone with acid condensmg agents (BA.S.F., English Patent, 19,322, 1906) 
Halogenised indanthrenes (Indanthrene Blue GC, GCD, and CE, etc.) are pre- 
pared by chlorinating or brominating indanthrene (BAS F., English Patents, 4,035 
1902 , 23,179, 1903, 1 7,242, 1905) Algol Blue K (N dimethylindanthrene)is made 
from i-methylamino-2-bromanthraquinone by the second method mentioned above* 
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Indanthrene disulphonic acid (BAS.F., English Patent, 12,185, 
monosulphomc acid (B A.S F., English Patent, 339, 1909) are also Imown, as well 
as other denvatives. 

Another azine dye is Flavanthrene (Indanthrene Yellow) prepared by heating 
2-aminoanthraqumone with alkali at a higher temperature than that required for 
Indanthrene, oxidising agents, eg^ potassium nitrate, may be added to the melt, 
It is also obtained by heating 2-aminoanthraquinone with condensmg agents, for 
instance, antimony pentachloride in nitrobenzene, or aluminium chloride alone, or by 
'the action of acid oxidising agents, such as bichromate and sulphuric acid, manganese 
dioxide and sulphuric or nitric acid or lead peroxide (B.A.S F , English Patent, 
24,354, 1901) Fla\anthrene dyes cotton blue shades which on standing become 
a bright yellow. 

The following synthesis by Scholl {Ber ^ 40, p. 1691) shows its constitution — 



Flavanthrene 

Analogous to Indanthrene and Flavanthrene, but containing methine groups in 
place of nitrogen, are Anthraflavone and Pyranthrone* 
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Anthrailavone— or the stilbenze derivative 



ChH703.CH«CH.CuH70, 


is prepared by treating 2-methylanthraqumone or its (u-halogen derivatives with 
condensing agents (B AS.F, English Patent, 10,677, 1905; D.R.P., 199,756); it 
dyes citron-yellow shades 

Pyrantbrone (Indanthrene Gold Orange) — 



is prepared by treating 2 • 2 '-dimethyl- 1 . I'-dianthraquinonyl with alkali or zinc 
chloride, with or without oxidation (BASF, English Patent, 14,578, 1905 , Scholl, 
, 43, p. 346), It dyes orange tints Treatment with halogens (English 
Patents, 10,505, 1906, 12,568, 1909) gives redder dyes 

The next group of dyes to be considered are the benzanthrone dyes. The 
benzanthrones are compounds containing the group — 



and are prepared by heating anthraquinone or its reduction products (anthranol, 
oxanthranol, or anthracene) or its ammo, sulphonic, etc , derivatives with glycerin, 
preferably m presence of condensing agents, such as sulphuric acid The benzan- 
thrones undergo further condensation on being melted with alkalis, and yield blue 
to violet dyes (B A S F , English Patent, 16,538, 1904, DRP, 176,018, Bally, 
^<?r,38, p 194) 

The dye prepared from anthranol is known as Violanthrene, and that obtained 
from 2-aminoanthraquinone as Cyananthrene Violanthrene has the formula of 
a dibenzanthrone (see English Patent, 16,271, 1910) — 



SYNTHETIC DYES 


4 S 7 


Among the derivatives of benzanthrone we may note : benznaphthanthrone from 
naphthanthraquinone (English Patent, 853, 1905) gives a reddish blue dye ; benzan- 
thronequinolines from a-ammoanthraquinones (English Patent, 3,819, 1905) give 
violet'blue dyes ; green dyes (Indanthrene Green, etc.) by nitrating benzanthrone 
dyes, with or without subsequent reduction (English Patent, 1,818, 1905); halogen 
derivatives from halogenanthraquinones (English Patent, 7,022, 1905), or by 
halogenising the dyes (English Patent, 22,519, 1905); the latter dye violet*blue to 
red-violet shades. Halogenised benzanthrones, on treatment with alkali, give dyes 
vrhich usually contam no halogen, and are known as isoviolanthrenes (English 
Patent, 20,837, 1905). Other derivatives are obtained by heating aminobenzan- 
thrones with metallic salts or oxides (English Patents, 10,770, 1907; 3,156, 1908). 
Brombenzanthrone condensed with i-aminoanthraqumone gives benzanthronyl-i- 
aminoanthraquinone, which, by treatment with condensing agents, gives a g^reen 
dye (English Patent, 24,604, 1908, D.R.P., 212,471). 



Another group of dyes is that containing two or three anthraquinone nuclei united 
by NH groups, the dianthraquinonylamines and trianthraquinonylamines, 
a-/3-Dianthraquinonylamine (Algol Orange R)— 



is prepared by condensing 2>aminoanthraqumone with i-chloranthraquinone, or 
i-aminoanthraquinone with 2-chloranthraquinone (D.R.P., 162,824 ; B.A.S.F., 
English Patent, 19,199, 1905); it dyes orange shades (F. v. Bayer, English Patent, 
24,810, 1908). 

Trianthraquinonylamines, dyeing red shades, are produced by condensing 
two molecular proportions of 2-chloranthraquinone with 1 : 5-diaminoanthraquinone 
(Indanthrene Bordeaux B, B.A.S.F, English Patent, 10,324, 1906), or by 
condensing two molecular proportions of i-aminoanthraquinone with )S-j&-dihalogen- 
anthraquinones (Indanthrene Red G, B A S F., English Patent, -^235, 1907). 
A number of denvatives of di- and tri-anthraquinonylamines giving a variety of shades 
are known (English Patents, 10,860, 1906; 13,057, 1906; 7,418, 1908; 12,167, 
19085 5, 38a, 1909; 9,ai9, 1909). 
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A further group of dyes is the acidylaminoanthraquinones, obtained by 
introducing the formyl, acetyl, benzoyl, succinyl, salicylyl, thiosalicylyl, anisyl, cinn- 
amyl, etc., radicals into the amino groups of aminoanthraquinones (F. v. Bayer, English 
Patents, 2,709, 1909, 3,055, 1909); these dye yellow, red, orange, blue, violet, etc, 
shades (Algol Yellows, /Qgol Reds, etc.). Helindon Yellow 3GN (English 
Patent, 24,920, 1909), is a symmetrical urea derived from 2-aminoanthraquinone. 

A number of anthracene vat dyes containing sulphur are also known, eg,^ 
mercaptans (English Patent, 10,387, 1908), thiazoles (English Patent, 12,828, 
1911), thiazines (English Patents, 18,240, 1911; 28,479, thioureas 

(English Patent, 11,473, 1910). 

Two groups of dyes which are at present attracting attention are the anthra- 
quinone acridones and thioxanthones. 



is prepared by condensing anthranilic acid with ^-chlor- or a*nitro-anthraquinone 
and heating the resulting carboxyanilido-anthraqumone. 



with condensing agents (Ullmann, English Patent, 12,653, 1909). 
Anthraquinone- i : 2 thioxanthrone. 



IS similarly prepared from thiosahcylic acid (Ullmann, English Patent, 30,480, 
1909) 

A number of derivatives of these dyes have been prepared (B.A.S.F., Enghsh 
Patent, 13,907, 1909, etc.). 


3. DYES OF THE INDIGO, THIOINDIGO, AND INDIGOID 

SERIES 


Indigo (Indigo Blue, Indigotin) 


Is the most important dye of commerce It was originally obtained from natural 
sources, but the natural indigo has been very largely replaced by synthetic indigo, 
the manufacture of which is perhaps the greatest triumph of dyestuff chemistry. 




Indigo has the formula, Ci^HioN202, or 


C(co/ 


\ 


::)o 


It occurs in 


nature as a glucoside, indican, m various plants — Indigofera ttnctoria^ Indigo anil^ 
Polygomum iinctorium^ Isaits tinctona. Hydrolysis of the indican gives indigo and 
a < ^ugar, mdiglucin , this hydrolysis is effected in practice by fermenting the leaves 
and stems of the indigo-bearing plants. 
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Indigo has been synthesised by a number of processes, only the more important 
of which can be dealt with here. 

/CH=«CH COOH 

Baeyer in 1880 synthesised it from ^-nitrocmnamic acid, C5H4<^ . Treatment 


of this compound with bromine gives ^-nitrodibrornhydrocinnamic acid, 


.C.H^ 


HBr— CHBr COOH 


yC=C COOH 


from which alkalis remove hydrobromic acid, giving <?-nitrophenylpropiolicacid,CeH4^ 

* 'NOo 

this compound, on treatment with alkaline reducing agents, splits off carbon dioxide and condenses 
to mdigo An alternative method consists in treating i?*nitrocinnamic acid with chlorine, which 

.CHOH—CHCl COOH 

gives phenylchlorlactic acid, C4H4^ ; alkalis convert this compound into 

^NOg 

<)‘nitrophenyloxyacrylic acid, C4H4 — CH— CH COOH, which condenses on heating in solution 

“^NOg 

into indigo 

In 1582 Baeyer synthesised indigo from tf-mtrobenzaldehyde ; treatment of this body with 

^HOH CHgCOCHg 

acetone gives ^-nitrophenyllactomethylketone, C4H4^ , which is converted into 

^NOa 

indigo by treatment with alkalis These syntheses of Baeyer’s were not, however, a commercial 
success, although {7-nitrophenyllactomethylketone has been employed under the name of Indigo salt 
for producing indigo on the fibre (the bisulphite compound of the ketone being printed on the 
fibre which is then passed through an alkaline bath) 

Heumann^s synthesis of indigo in 1890 from phenylglycine, and soon afterwards 
from phenylglycine-<7-carboxyhc acid, led to the commercially successful placing of 
synthetic indigo upon the world's markets 

Two main processes are now worked on a very large scale — 

I. The Phenylglycine Process, worked by the Hochst Farbwerke, consists 
in heating aniline with chloracetic acid, when phenylglycine is formed, thus : — 

CeHp NHa + Cl CH2,COOH = CpHj NH CH^j-COOH + HCl 

Aniline Chloracetic acid Phenylglycine 

(Phenylglycine has also been made by heating aniline with HCN and formalde- 
hyde.) The phenylglycine is next melted with caustic soda to form indoxyl, 
.NH. /NH-.. 

)>CH2 or ^CH, thus 

/NH. 

CeH, NH CHg.COONa -I- NaOH = C,H«<^^ ^CH, + aNaOH. 

Sodium salt of phenylglycine Indoxyl 

But since at the high temperature necessary for proper fusion a large portion of 
the parent materials are destroyed by the alkali, with a resulting poor yield of indoxyl, 
it is preferable to add materials to the caustic soda to lower the temperature of 
melting A great improvement was effected by the Frankfurter Scheideanstalt by 
adding sodamide, NaNHg (M.P 120* C. ; prepared by heating metallic sodium 
in a stream of dry NH3, see p. 638), when the following change takes place . — 

CeH,.NH CHa-COOH + Na.NHa = C«H4<^^^CHa + NaOH + NH,. 

Phenylglycine Sodamide Indoxyl 

The escaping ammonia is collected and used a^ain. Carbides and nitrides have 
also been used instead of sodamide. To obtain indigo the melt is dissolved in 
water, and air blown through to oxidise and condense the mdoxyl (probably 

NH. \ 

present in the alkaline solution as the sodium salt, CjH^/ indigo ; 

^C(ONa) / 
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or the solution is acidified so as to give free indoxyl, which is then oxidised and 
condensed to indigo : — 

.NH. .NHv /NH. 

Indoxyl Indigo blue. 

In this process the starting point is benzene (from which aniline is obtained by nitrating and 
reducing as described on p. 424), while mtermediately chloracetic acid, caustic soda, and sodamide 
are used The success of the synthesis depends entirely upon the price at which these matenals are 
obtainable 


2. The Phenyl8:lycine-£>-Carboxylic Acid Process, worked by the 
Badische Amlin- und Soda-Fabnk, depends upon the fact that when phenylglycine- 
^-carboxyhc acid is melted with caustic alkalies, it condenses, thus . — 


yCOv yCOv 

^ CeH4< >CH.COOH y CeUZ >CHg + CO, + H,0. 


Indoxylic acid 


Indoxyl 

/NH, (I) 


XOOH 
C.H4< 

^NH CHj.COOH 

Pbenylglycine>«<€arboxylic 
acid 

- 

The starting point in this process is Anthranilic Acid, CwHy , which the B.A.S F. 

X:OOH (2) 

obtam from the cheap and abundant naphthalene by the following series of operations: (i) The 
naphthalene is oxidised to phthalic acid, CgH4(COOH)jj, by heating with concentrated sulphuri<r 
acid and mercury (see Phthahc Acid, p 430), when the anhydride of the acid distils over ; 

(2) the phthahc anhydride, CjH4<^ ^O, thus obtained is converted into phthalimide, 

yCOv 

^NH, by heating with ammonia ; which (3) on treating with bleaching powder or 


NaOQ gives anthranilic acid, C4H4(COOH) (NH,) (see p 430) ; (the anthranilic acid may also be 
obtained by heating <i-chlorben20ic acid, C,H4 Cl COOH (i »2) with NH, in the presence of Cu) ; 
(4) next, tne anthranilic acid is treated with chloracetic acid to obtain phenylglycine-^-carboxyhc 
acid — 

/COOH /COOH 

C6H4< + Cl CHj^COOH = C.H4< + HCl ; 

\ \ 


^NH, 
Anthranilic acid 


Chloracetic acid 


'^NH CHjs.COOH 
Phenylglycine*ii carboxylic acid 


and (5) the phenylglycine-^-carboxylic acid is finally converted into indoxyl and then into indigo as 
above described 

It has also been shown that for phenylglycine-^-carboxylic acid one may substitute meth>l- 

XOOH 

anthranilic acid, CalL^ , when melting with sodamide for indoxyl According to this 

\nh CH, 

latter process the use of chloracetic acid is abolished, since methylanthranilic acid may be produced 
directly from anthranilic acid by treating with methyl chlonde, or from phthahc anhydride by 
treating with methylamine 


On comparing the two mam processes for manufactunng synthetic mdigo, it will 
be seen that the one starts from benzene, and the other from naphthalene. Both 
processes at present work with monochloracetic acid, thereby creatmg a huge 
demand for glacial acetic acid (about 3,000 tons are used annually, being obtained 
from the distillation of about 150,000 cub. yds of wood). The chlorine for 
chlonnatmg the acetic acid is obtained by electrolysing alkali chlorides, which also 
produces caustic alkali. Finally the demand for a concentrated sulphunc acid 
for oxidising naphthalene to phthalic aad, coupled with the escape of large 
amounts of SO2 and SOg during the heating process, contributed very essentially to 
the industrial development of the contact process for the manufacture of sulphuric 
acid The manufacture of synthetic indigo thus furnishes a very interesting senes 
of examples of the interaction of one branch of chemical industry on others 

The following statistics show that although synthetic indigo has largely diminished the 
culture of naturiu indigo in India and other tropical countries, yet the demand for mdigo is also 
not increasing, probably owing to the competitive action of several very fast blue dyes, denved 
from anthracene, which are now on the market. 
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Imported into Great Britain * — 



1896 

1906. 

1907. 

1908. 

1909. 

1913 

Value 

(1913)* 

Synthetic indigo - 
Watural indigo 

B 

CwL 

39,042 

7.641 

Cwt 

41,379 

11,116 

Cwt 

37.761 

8.644 

Cwt. 

33,494 

10,051 

Cwt 

23,^9 

4,174 

54.739 


Practically all the synthetic indigo imported into Great Britain comes from Germany (1910) 
Germany, 28,182 cwt. (value, 101,183); Netherlands, 4 cwt (value, £16) \ Bel^um, 10 cwt 
(value, £$0 ) ; other countries, ml The total amount of synthetic indigo exported from Germany 
in 1909 amounted to 161,100 dz = 16,110 metric tons, or roughly, 320,000 cwt representing a value 
of 40 3 million marks (say £2^000^000) 

The United States imported of Indigo* 1906, 7.393,ooo lbs ; 1910, 7»539>ooo lbs. ; value in 
1910, $1,196,000. Of this quantity Germany imports 7,000,000 lbs., value $1,000,000. 

Indigo is a typical vat dye, / before dyeing it is reduced to its leuco compound, 

indigo white, which is soluble in alkalies , 

the fibre (cotton, wool, or silk) is immersed in an alkaline solution of this body, and 
then withdrawn and oxidised to indigo by exposure to air. The old method of 
obtaining the vat was by fermentation by means of dung , other methods consisted 
in the use of glucose and alkali, lime and ferrous sulphate, or zinc and alkah ; the 
vat IS now usually prepared by means of sodium hydrosulphite and alkah 


Indirubin or Indigo Red is an isomer of indigo and has the constitution 

\Am/ 


NHv /CO\ It occurs as an impurity in natural indigo, and may be 


NH. prepared by the condensation of indoxyl with isatin, 
\ / /NH\ 

<_> , It IS of no value as a dye 


Sulphonation of indigo yields a disulphonic acid. Indigo Carmine, which is 
an acid wool dye. 


Halogenised Indigo Dyes 

Halogenised indigo dyes, t e , indigo denvatives m which one or more of the 
hydrogen atoms of the benzene nuclei has or have been replaced by bromine or 
chlorine, may be prepared by two general methods • — 

1 Treatment of indigo or a derivative thereof, either alone or suspended or 
dissolved in various media, with halogen or with halogenising agents 

2 Obtaining a halogenised parent material, brom- or chlor-phenylglycine- 
<?-carboxylic acid, which is then subjected to suitable treatment, say condensation 
and oxidation, to yield a halogenised dye 

These two methods have been known for some years, but until 1907 had only 
been applied to the production of mono- and di-halogen denvatives, except as 
regards a tetrachlonndigo prepared in 1901 from dichlormated phenylglycme-o- 
carboxylic acid (B.AS.F., English Patent, 20,552, 1901). 

From 1907 onwards both methods have been largely extended, and halogen- 
indigos containing from 3 to 6 atoms of halogen in the molecule are now known 

By treating mdigo, suspended m an mert medium such as nitrobenzene, with 
the theoretical amount of bromine (two atomic proportions of bromine for each 
bromine atom to be introduced into the indigo molecule), at a raised temperature, 
tri- and tetra-bromindigos are obtained (S.C.I.B., English Patent, 5,122, 1907 ; 
D.R.P., 193,438). By applying this method to mono- and di-chlorindigos, mixed 
tn- and tetra-halogenmdigos are produced, and from the para-dihalogenmdigos 
(/.^., contaming halogen in para position to the carbonyl group) penta- and hexa- 
halogenindigos result (S.C.I.B., Enghsh Patent, 10,326, 1907).* 
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Chlorination of indigo in similar media in presence of chlorine earners yields 
tri- and tetra>chlorindigos (S C LB., English Patent, i9,793» 1908). 

The above-described products dye reddish-blue shades. 

The constitution of these bodies has been established by Grandmougin {Ber , 
42, p. 4408) m the following way . — 

Tetrabrommdigo obtained by bromination in nitrobenzene is oxidised by means 
of nitric acid to a dibromisatin of M P. 249*-2 50® C , which is identical with 
the known 5 • 7-dibromisatin, 



Distillation of the dibromisatin with potash gives 2 4-dibromaniline. The tetra- 
bromindigo is, therefore, 5 7*5' 7 '-tetrabrommdigo, 



The nomenclature here employed is that of Friedlander {Ber y 42, p 765). The 
di- and tn-brommdigos obtained similarly are the 5 5' and 575' bodies The 
tetrabrommdigo is known in commerce as Ciba Blue * 

Another method of bromination consists in treating indigo suspended in com 
centrated sulphunc acid with bromine in the cold (F v Bayer, English Patent, 
4,423, 1908). In this process the hydrobromic acid formed is partly oxidised by 
the sulphuric acid, so that less than the theoretical amount of bromine can be used , 
for the same reason bromides may be used instead of bromine in this process 
(F V Bayer, English Patent, 5,582, 1908) The tri- and tetra-brommdigos so 
obtained dye greenish-blue shades Grandmougm asserts that they are identical 
with the products obtained by bromination in nitrobenzene {Ber y 43, p. 937) 
A closely allied process is that of Kalle & Co (English Patent, 15,088, 1909), m 
which chlorsulphonic acid is used as the suspension medium during the bromination 
Another process (F v MLB, English Patent, 25,513, 1907) consists in 
treating dihalogenmdigos with excess of bromine alone, greenish black products 
are thus obtained which appear to be perbromides of bromindigos , treatment of 
these bodies with sodium bisulphite removes the loosely combined bromine, giving 
the brommated dyes Similar perbromides are obtained by using excess of bromine 
m presence of concentrated sulphunc acid (English Patent, 25,514, 1907) 

The above-desenbed processes — bromination in sulphunc or chlorsulphonic 
acid, or with bromine alone — can also be applied to produce penta- and hexa- 
brommdigos (English Patents, 13,789, 1908, 2,609, 1909, 3,019, 1909), which 
also dye greenish blue shades 

According to Grandmougin {Ber , 43, p 937) the penta- and hexabrommdigos 
obtained by bromination in sulphunc acid are the 4:5 7*5' 7' and 4 5 7 4' * 5' : 7' 
bodies respectively. 

An interesting process is that of Kalb in which dehydromdigo forms the 


starting point {Ber y 42, p. 3642 et seq,, p 
Patents, 16,377, 1909; 22,714, 1909) 

Dehjrdroindigo, Y) 


3653 et seq, , B A.S.F., English 
is obtained by careful oxidation of 


indigo, for instance by means of silver oxide, lead dioxide, manganese dioxide, or 


The trade names are here given on the authority of Bohn, Ber,y 43, p. 987. 




SYNTHETIC DYES 


463 


permanganates, in absence of water, and in presence indifferent diluents, 
chloroform, benzene, or nitrobenzene If anhydrous acids are also present the 
corresponding dehydroindigo salts are formed. Dehydroindigo is also formed by 
treating indigo with halogen or halogemsing agents under suitable conditions. 
With sodium sulphite or bisulphite, dehydroindigo forms soluble compounds, 
which can be readily halogenised by treatment with chlonne or bromine, even in 
presence of water ; the tetr^alogen bodies thus produced are the 5 7 5' : 7' bodies. 
The other salts of dehydroindigo can be halogenised similarly ; on reduction they 
yield the halogenmdigos. 

The unsymmetncal condensation product from isatin and indoxyl, indirubm, 
has been brominated by various processes , mono- to hexa-brom derivatives, dyemg 
reddish blue shades, have thus been obtained (S C I B , English Patents, 6,106 
1907 > S>S3o» 1908, 6,351, 1910) The tetra-bromindirubin is known as Ciba 
Heliotrope. 

Under the second method we may note two processes of the BASF. 
(English Patents, 6,991, 1909, and 6,992, 1909). According to the first of these 
a halogenised anthranilic acid is treated with formaldehyde, giving a compound of 


the formula 


-NH— CH 
-CO—6 


this on treatment with a cyanide gives the corre- 


sponding ci>-cyanmethylanthranilic acid. 


-NHCH^CN 

, which IS saponified to 
-COOH ^ 


halogenphenylglycine-i^-carboxylic acid, for instance 3 . 4-, 4 5-, and 4 • 6-dihalogen- 
phenyIglycine-e?-carboxylic acid. The 4 . 6-dichlorphenylglycine-i? carboxylic acid 
thus prepared is identical with that prepared by chlorinating phenylglycine-<?- 
carboxylic acid (English Patent, 20,552, 1901), and the tetrachlorindigo of this 
last-mentioned Patent is, therefore, the 5 : 7 : 5' : 7' body. According to the second 
Patent, No. 6,992, 1909, dihalogenphenylglycine-<K:arboxylic esters are used as 
parent materials , by this process the 5 . 7 . 5' : 7'-, 4 ‘ 5 ’ V sS 4 4' * 6 : 6'-, and 
5 ; 5' : 6 : 6'-tetrachlorindigos and the 4 4'-dichlor-5 . 5'-dibrom- and 5 5'-dichlor- 
7 : 7'-dibromindigos have been prepared 

In connection with the halogenmdigos it is noteworthy that the ancient Tyrian 
purple obtained from Murex Brandarts has been shown by Friedlander {Ber ^ 
42, p 765) to consist essentially of 6 6'-dibromindigo 


Thioindigo Dyes 

Thioindigo is an analogue of indigo containing sulphur in place of the NH 
groups — 


CO-CX) 


It was discovered by Friedlander {Ber^ 39, p. 1060) and first put on the market 
as Thioindigo Red B by Kalle & Co (English Patents, 22,736, 1905; 23,316, 
1905; 14,261, 1906, i6,ioo, 1906, 16,101, 1906). 

The process for its production is shown by the following scheme — 


-COOH 


Thiophenol <»-car- 
boxyUc acid 


+ CHoClCOOH 


Chloracetic acid. 


-S CHaCOOH 


PhenyIthiogI> collic-o-carboxylic 
acid 


-COOH 


Anthranilic acid 


diazotised + SH CH2COOH 


-SCHoCOOH 


Tbioglycolhc acid 


Phenylthioglycollic-^-carboxylic 

acid 
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Condensation and oxidation of this latter body gives thioindigo. 

It will be seen that this process corresponds with the Heumann synthesis of 
indigo from phenylglycine-<M»rboxylic acid. 

This synthesis has been followed by the production of a large number of 
denvatives of thioindigo and alhed dyes. The following general methods may be 
noted : — 


2. Treatment of arylthioglycollic acids or their salts or esters, RSCHjCOORj, with 
acid condensing agents, such as sulphuric acid, phosphorus pentoxide, acetic 
anhydride, zinc chlonde, potassium bisulphate, or oxalic acid, and oxidation of the 
resulting thioindoxyl denvatives (B.A.S.F., English Patent, 28,578, 1906). 

3. Conversion of arylthioglycollic acids into the acid chlondes, RSCHjCOCl, by 
means of phosphorus tri- or pentachloride or oxychloride; the acid chlorides on 
treatment with aluminium chlonde give thioindoxyl denvatives (B,A.S.F., English 
Patent, 14,191, 1906). 


4 - 




COOH 


Diazotised and treated with Na^S. 
y 


SH 

COOH 


Anthranilic mcid 



Thiophenol* 
tf-carboxylic aad 

ThiomdoxyL 


Thiomdiga 


(F. v. M.L.B., English Patent, 593, 1907.) 


ySH 

x:ooH 

Thioph«Dol<^*carboxylic 
aad or derivative!. 


Dibromethylene or dichlorethylenc 



>SCH CHSv 
X:OOH HOOC^ 

Acetylene b«sthiovaIicylic acid 
or derivatives. 


Thioindigo or derivatives. 
(B.A.S.F., English Patent, 26,053, 1907.) 
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x:ooH 


+ rCK 
iBr. 


Cl CH==C.Cla 
or 

CH««C.Br, 


Thiophenol-^carboxylic add, etc. Tncblor- or tnbrometbylene 



Thioindoxyl, etc. 

(B.A S F., English Patent, 90, 1908 ) 


yS.CH==CCla 

rCoH 


or 

. /S.CH=*C.Brj 

N:ooh 

•i^> Dibalogenvinyltbtoialicylic 
acid. 


7 - 

A-NHg 

Iv^-COCH, 

#*Aniinoacetopbeiione. 


Diazotised and treated with sulphides 
y 




a'Tbioacetophenone. 


Thiomdigo 

(F. V. English Patent, 4,541, 1908.) 


Among the derivatives of thioindigo we may note the following : 
Halogen denvatives obtained from halogenised parent materials or by halo- 
genising the dyes, as in the case of indigo (S C.I B., English Patent, 6,490, 1907^ ; 
alkyloxy and alkylthio denvatives (F. v. M.LB, English Patent, 1,472, *907) i 
ammo derivatives (F. v. M L.B., English Patent, 16,584, 1907). The f«-amino 


compound 


T r ' 
\coA/ 




dyes brown shades, and the 


/Samino compound 



black shades ; 


their 


halogen derivatives dye orange and black shades respectively. 

Unsymmetneal dyes containing only one thionaphthene residue have also been 
prepared. The condensation of thioindoxyl with isatin gives ThioindigO Scarlet R, 
the analogue of indirubm — 



(Kalle, English Patent, 17,162, 1906.) 

Condensation of thioindoxyl with a-isatinanilide gives Ciba Violet A— 



(S.C.I.B., English Patent, 11,760, 1906.) 

The same product is obtamed from a-isatin chloride and thioindoxyl (Kalle, 
English Patent, 11,609, 1907.) 
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Condensation of thioindoxyl with acenaphthenequinone gives Ciba Scarlet G — 



(S.C I B , English Patent, 344, 1908.) 

Other Indigoid Dyes 

Friedlander {Ber , 41, p. has described dyes which contain half the indigo molecule, and 
may be termed indigoid dyes They are obtained by condensing a-isatm derivatives with phenolic 
compounds such as i-naphthol, i-anthrol, or their derivatives. The reactions between a-isatm 
chloride and i-naphthol may be given thus — 



See also for these dyes, English Patents, 7,819, 1909 (Bayer) ; 3,206, 1910 (Kalle) 


4. DI- AND TRIARYLMETHANE DYES 

Under this heading are grouped a number of dyes, which may be regarded 
as denvatives of diphenylmethane and tnphenylmethane — 

/C.H, 


CH,< 

Xn. 


Diphenylmethane 


CH^CeHs 

Tnphenylmethane 


One or more of the phenyl groups may be replaced by naphthyl groups to give, 
, diphenylnaphthylmethane dyes 


{a) Diphenylmethane Dyes 
The only important dyes of this class are the Auramines. 

Auramine is obtained by treating tetramethyldiaminobenzophenone with 
ammonia , the reaction may be expressed — 

.CeH4N(CH,)a yC,H,N(CHs)2 

CO< + NH, = HN=C< + HaO. 

N:eH4N(CH,)8 N:eH4N(CH3)a 

This represents the dye base as an imide , the dye is employed in the form of 
Its hydrochloride, which may be formulated either as the hydrochloride of the 
imide base, or as — 


H^N-C/ ■ 


C,H,N(CH,)g 


:N(CH,), 

Cl 

Auramine may also be obtained by treating tetramethyldiaminodiphenylmethane, 
yC H N(CH ) 

CH2<; ^ . * *, with sulphuric acid and then with ammonia 

(0^13)2 

The parent materials, tetramethyldiaminobenzophenone and tetramethyldiamino- 
diphenylmethane, are prepared by the action of phosgene and formaldehyde, 
respectively, on dimethylaniline (see pp. 434, 467). 
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Auramine dyes wool, silk, or tannin-mordanted cotton bright yellow shades. 
Auramine G is prepared similarly from dimethyldiaminoditolylmethane. 


(b) Triphenylmethane Dyes 

These may be divided broadly into two types * (i) those containing ammo groups ; 
(2) those containing hydroxy groups, with or without carboxylic groups. The first 
of these, which is the more important, may again be subdivided into dyes containing 
two ammo groups (Malachite Green type) and dyes containing three ammo groups 
(Rosanilme type). 


Before discussing the individual dyes of these groups, it will be well to consider generally their 
constitution There are three stages to be considered m the formation of the ammo dyes — the leuco 
oase, the carbmol base, and the dye itself The leuco bases are the triphenylmethane derivatives — 
thus Paraleucanilme, the leuco base of Pararosaniline, is triaminotnphenylmethane ; oxidation of this 
body gives the carbmol base — 


HO 


\ 


/CeH^NHa 

-QH^NHa 


\CeH4NHa 
Tnammotriphenylmethane 


.CeH^NHa 
H0.C^C8H4 NHa 
\ceH4NHa 

Carbmol base of tnammotriphenylmethane. 


The dye Pararosaniline is the hydrochloride of this body, less the elements of water Several 
formulae are possible for such a body, and there has been considerable controversy as to the correct 
one The oalance of evidence appears to favour Nietzki’s formula representing this body as 
qumonoid — * 


XeH4NHa 
c/ CeH4NH. 
^CeH4==NH. 


Cl 


It should be noted that both the leuco base and the carbmol base are colourless — it is only when 
the carbmol base is converted into a salt that the dye results 


General Methods of Production 


Tnphenylmethane derivatives may be produced by a variety of processes In 
each of these some compound must be present which will supply the methane carbon 
Thus, for instance, benzaldehyde condenses with two molecules of dimethylamlme 
giving tetramethyldiammodiphenylmethane, the leuco base of Malachite Green — 


CeHeCHO + 

Benzaldehyde 


C,H.N{CH,)j ,C,H,N(CH,)j 

y CgHj CH^ 

CeH5N(CH8)g \CeH4N(CH8)a 

Dimethylamlme Leuco base of Malachite Green 


Or a methyl group attached to an aromatic nucleus may supply the methane carbon 
as in the production of Paraleucanilme {v supra) by oxidismg a mixture of /-toluidine 
and aniline • — 


NH2C6H4CH8 -b 


/•Toluidme 


CeHgNHg 

CeHsNHg 

Aniline 


/CeH4NHg 
-> NHa.CeH4 CH< 

N:gH4NHg 

Paraleucanilme. 


In the “ New Fuchsme process formaldehyde is employed This condenses with 
two molecules of aniline to form diaminodiphenylmethane, which is then oxidised 
together with aniline and aniline hydrochloride to give Pararosaniline— 

CHgO + aCgHfiNHa CHa(C8H4NHa)a ; 

Formalde* Aniline. Diaminodiphenylmethane. 

hyde 


* For a summary of the evidence see Sidgwick’s “ Organic Chemistry of Nitrogen,” Oxford, 1910^ 

p 61. 
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X,H,^ 


:4NH, 

CH«<r ' + C,H,NH,HC1 

«NH, 

Diamtno* 
diph«nylmethane 


Aniline hydro* 
chloride 


ClHjN « CeH4«»C< 
Pararosaniline. 




;H4NH, 

H4NII, 


Phosgene, again, reacts with dimethylaniline to give tetramethyldiaminobenzo* 
phenone — 


< 

Phosgene. 


C,H,N(CH,), 

C,H,N(CH,), 

Dime^ylaniltne. 


CO< + SHCL 

\C,H4N(CH,), 

Tetramethvldiannno* 

benzophenone. 


This may be converted into the chloride and condensed with a further molecule 
of dimethylaniline, or reduced to the benzhydrol, which is condensed with dimethyl- 
aniline and the leuco compound oxidised, givmg Crystal Violet, hexamethyl 
pararosaniline hydrochlonde — 

/QH4 NCCH,), 
c/ C,H4N(CH,), 

^C,H4=N(CH,),a 

Crystal Violet. 

Oxalic acid has also been employed, as in the manufacture of Aurine (tri- 
oxytnphenylcarbinol anhydnde) from phenol, oxalic acid, and sulphunc acid We 
may suppose that formic acid is first produced, which then reacts with the phenol, 
giving Aurine — 

/CeH40H 


'\ 


CeH40H 

CeH4==0 


The preparation and properties of some typical tnphenylmethane dyes are given 
below : — 


Diamino Compounds (Malachite Green Series) 

Malachite Green is essentially a salt of tetramethyldiaminotnphenyl carbinol. 
It usually appears m commerce as the zmc or iron double chloride, or the oxalate. 
Its method of preparation has already been indicated. It dyes wool, silk, and 
tannm-mordanted cotton green 

Brilliant Green is prepared similarly from benzaldehyde and diethylaniline ; 
Its dyemg properties are similar to those of Malachite Green 

Setoglaucine is prepared from o-chlorbenzaldehyde and dimethylaniline. 

Setocyanine, Victoria Green 3B, and Glacier Blue are other dyes of this 

The above-described dyes are basic dyes ; the sulphonic acids of this series are 
acid wool dyes. Examples are Erioglaucine A, from benzaldehyde-^sulphonic 
acid and ethylbenzylaniline sulphonic acid. Night Blue B, from <?-chlor-f^- 
nitrobenzaldehyde and ethylbenzylaniline sulphomc acid ; 

Patent Blue V is obtamed by condensing w-oxy- 
benzaldehyde with diethylamline and sulphonating the 
product, or from w-nitrobenzaldehyde and diethylaniline, 
reducing and diazotismg to form the hydroxy group, and 
sulphonating. 

Patent Blue A is the corresponding product from ethylbenzylaniline. 
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The mordant dyes, Chrome Green, Chrome Violet, and Chrome Blue, 

yC,H4N(CH,), X,H4N(CH,), .C,H4 N(CH,)j 

HO-C^CeH, COOH HO.C^C«H,(On)COOH Cr_CioH,(OH)COOH 


\C,H4N(CH,), 

Chrome Green 


\c,H4N(CH,), 

Chrome Violet 


C,H4=N(CH,),C1 

Cl^ome Bine 


are obtained from tetramethyldiaminobenzhydrol and benzoic, salicylic, or 
o-oxynaphthoic acid respectively, and may also be included in this class. 


Triamino Compounds— Rosaniline Series. 


Pararosaniline (Parafuchsine, Paramagenta) has already been referred to 
(PP 4671 468X 

Rosaniline (Fuchsine, Magenta) is the hydrochloride of triaminodiphenyl- 
tolylcarbinol — 


C^CeH4NHa 


XCeH4=NHaCl 


and IS prepared similarly either by oxidising a mixture of aniline and o- and 
^toluidine by various oxidising agents, or ^ the New Fuchsme process from 
formaldehyde, aniline, and Moluidine. New Fuchsine (hydrochloride of triamino- 
tntolylcarbmol) is prepared from formaldehyde and ^^-toluidine 

These three dyes are basic dyes, dyeing wool, silk, and tannin-mordanted 
cotton red shades. 

Rosaniline is one of the oldest synthetic dyes, having been put on the market 
m 1859 by Verguin. The constitution of this and Pararosaniline was not, however, 
ascertained until 1878 by E. and O. Fischer (see for example Georgevics, 
“Chemistry of Dyestuffs,” p. 137) The alkylated, benzylated, and arylated 
rosaniline dyes are also basic dyes; they are obtained either by alkylating, etc., 
the rosanilines or by treating the corresponding tertiary amines according to the 
general processes indicated above. Examples are : — 


Hofmann Violet, a mixture of mono-, di-, and tri-methyl or -ethyl rosaniline and pararosaniline 
hydrochloride, from methyl or ethyl halides and rosaniline and pararosaniline 


Aniline Blue, spirit soluble, tnphenylrosanihne and triphenyl-pararosanilme hydrochloride« 
by the action of aniline on impure rosaniline. 

Methyl Violet, pcnta- and hexa-methyl-pararosanilme, by the oxidation of dimethylaniline 
Crystal Violet, from dimethylaniline {v above). 

Ethyl Violet, the corresponding dye from diethylaniline. 


r- w -hj/nu \ nt Metnyl ureen, neptameinyipararosami 

4 V sis Methyl Violet with methyl chlonde. 


Methyl Green, heptamethylpararosamhne chloride, by acting on 


Ethyl Green, ethylhexamethyl pararosanilmechlorbromide, by treating Methyl Violet with 
ethyl bromide. 


Benzyl Violet, obtained by acting on Methyl Violet with benzyl chlonde 

The sylphonic acids of the rosaniline series are obtamed either by sulphonating 
the basic dyes, or from the amine sulphonic acids. Typical examples are . — 


Acid Magenta, a mixture of tnsulphonic acids of rosaniline and pararosaniline obtained by 
lulphonation of the bases, dyes wool in add baths 

Alkali Blue, monosulphonic acid of triphenylrosaniline and tnphenylpararosaniline, obtained 
by sulphonation, dyes wool in an idkaline bath. 
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Soluble Blue is the corresponding trisulphonic acid, and dyes silk and mordanted cotton. 

Hdchst New Blue, a trisulphonic acid obtained by sulphonation of tnmethyltriphenylpara- 
rosaniline (obtained from phosgene and methyldiphenylamine), dyes wool from acid baths. 

Acid Violet 6B, disulphonic acid of dimethyldiethyldibenzyltriaminotriphenylcarbinol, 
obtained from dimethyl-^-ammobenzaldehyde and ethylbenzylaniline sulphomc acid, dyes wool 
from acid ^ths 

Enocyanme A, tetramethyldibenzylrosanilmedisulphonic acid, from tetramethyldiamino- 
benzhydrol sulphomc acid and dibenzylaniline sulphomc acid, dyes wool reddish blue in acid baths. 

We may include here the tnaminodiphenylnaphthylmethane dyes . — 

Victoria Blue S IS obtained from phenyl-a-naphthylamine 
and tetramethyldiaminobenzophenone chloride or tetramethyl- 
diaminobenzhydrol. It dyes wool, silk, or cotton from acid baths, 
or mordanted cotton. 


Night Blue IS similarly obtained from /-tolyl-a-naphthylamine, 
and has similar dyeing properties. 


^C.H, 


,N(CH,)s 
,N(CH,)* 

.CioH^=NC,H, HCl 
^C,H«N(CgH,), 
C<^C,H4N(C,H,), 
\c,oH,=NC,H, HCl 


Hydroxy Compounds— Aurine Series 


Aurine, rosolic acid, has already been referred to, it is used for colouring 
varnishes 


^C,H,(OH)COOH 

HO-C^C,H,(OH)COOH 

\C,H3(0H)C00H 


Chrome Violet, aunne tricarboxylic acid, is 
obtained from formaldehyde and salicylic acid, used 
for printing chrome mordanted cotton 


A number of mordant dyes of this senes have been prepared recently, see English 
Patents, 15,204, 1907 (Geigy), 19097 14,312, 1909; 368, 1910; 

1910, 6,364, 1910 (Bayer), 12,130, 1910; 17,087, 1910 (M.L.B ) 


We may finally note the azotriphenylmethane dyes, one of which, Alizarin Yellow F S , has 
already been referred to under azo dyes They are obtained from triphenylmethane dyes containing 
free amino groups by diazotismg and coupling with components and oxidising For example — 


^Ce,H,N{CH3)2 

HO-C^CeH^ N=NCeHs(OH) COOH 
\qH4N(CH,)2 


Azo Green is obtained from diazotised f/i-amino- 
tetramethyldiaminotriphenylmethane and salicylic 
acid , dyes chromed wool 



Phenolphthalein, the lactone of dioxytnphenylcarbinolcar- 
boxylic acid, obtained from phenol and phthalic anhydride, may 
be classed in the aurine senes, though its production is analo* 
gous to that of the phthaleins ) ; it is employed as an indicator 
in volumetric analysis 


5. PYRONE DYES 

The dyes of this class are closely allied to the di- and tn-phenylmethane dyes, 
and are sometimes classed with them It is more convenient, however, to treat 
them as a separate group and to regard them as pyrone or xanthene derivatives. 
They all contain the pyrone rmg — 
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and may be r^arded as denvatives of Xanthene, of Meso- 


><.H. 


Phenyixanthene, C.H4 
H 

The Pyronines are obtained by condensing formaldehyde with dialkyl-m- 
ammophenols, thus — 

(CH,)gNv yOH H(X /N(CH,), 

CH^ 

I 

\CH,/ 

1 

(CH,)gN C,H,<^^'^,H,N(CH,), 

which on oxidation gives Pyronine G, (CHj)jN — C8Hg<^*^^^,H8=N(CH3)jCL 


Pyronine B is the corresponding product from diethyl-w-aminophenoL These 
dye cotton, wool, and silk red, but are not very fast 

The next group to be considered are Fluorescein and its derivatives, thp 
Eosines, etc 


Fluorescein is obtained by the reaction of phthalic anhydride on resorcm 
thus — 


H(X yOn HOv yOH 


COv 

I ^0\ 


CO 



It may also be formulated HO — QHj 


CgHg^O. 


Its alkali salts are soluble 


in water with a beautiful green fluorescence, whence the name. They dye silk and 
wool yellow. Eosine, tetrabromfluorescein, is obtained by brominatmg fluorescem. 
Eiythrosine, tetraiodofluorescein, is obtained by iodising. Eiythrene and 
Spirit Eosine are methyl and ethyl ethers of eosine Phloxine, tetrabrom- 
tetrachlorfluorescein, is obtained by brominatmg the tetrachlorfluorescem from 
tetrachlorphthalic acid and resorcin. Phloxine P is the tetrabromdichlorfluorescem 
obtained by brominating the dichlorfluorescein from dichlorphthalic acid and resorcin. 
Rose Bengal and Rose Bengal 3B are the corresponding tetraiododichlor- and 
tetraiodotetrachlorfluorescein. These dye animal fibres yellowish red to bluish red 
shades ; not very fast. 

Fluorescein, as formulated above, is a dioxy-mesophenylxanthenecarboxylic acid 
or its lactone; the next group to be considered, the RhodamineSy are ammo 
derivatives of mesophenylxanthene carboxylic acid. 

✓Ov 

Rhodamine B, Cl(C2H5)2N*«CgHg^ /QHg — N(C2Hg)2, can be obtained 

c^qh^.cooh 

either by condensing two molecular proportions of diethyl-^i-ammophenol with phthalic 
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anhydride, or by condensing equimolecular proportions of diethyl-iw^mmophenol 
and phthalic anhydride to form dlethyl-/-amino-^^oxybenzoylbenzoic acid, which is 
then condensed with a further molecular proportion of diethyl-w-ammophenol. 


(CgHBlgN. /OH CO — O 




Nih/ 


OH 


CO 

CO OH 

. /OH' HOy /N{C,H,), >'(QH,)^-C|H,/ '>C,H,-N(C,H,), 

^”*\co I 

I C,H«COOH 

C,H4.C00H 

By this second method unsymmetncal rhodamines can be obtained, for example : — 


(CgH,).N 


Rhodine 2G from dimethylaminooxybenzoylbenzoic acid and ethyl-m-aminophenol, the 
carboxyUc group of the dye being finally converted into its ethyl ester. 


Rhodamine zaGM, from dimethylammooxybenzoylbenzoic acid and resorcinmethyl ester, and 
esterification of the product 


Insamine G, from dimethylammooxybenzoylbenzoic acid and m-amino-/>cresol, the product 
being estenfied 


Rhodamine B can also be obtained by converting fluorescein into its chloride 
by PCI5, and treating the chloride with diethylamme — 


HO-C,H,</^^eH,— OH > 

i:,H4CobH 

(C,H,),N-C.H H,-N{C,H.)* 


CI-C,h/^C,Hj-C1 

(i,H4COOH 


C4H4COOH. 


By applying this method the corresponding arylaminoxanthene denvatives can be 
produced, the sulphonic acids of which are acid wool dyes (whereas the Rhodamines 
descnbed above are basic dyes, dyemg tannined cotton, wool, or silk various shades 
of red) 


Examples of such acid dyes are : — 

Fast Acid Violet B (Violamrae B), C,H,N=C,H,/^C,H,— NH C,H4SO,N», obtained 

^QH4COONa 

by sulphonating the product of reaction of aniline on fluorescein chloride. 


Fast Acid Violet AaR (Violamme R), and Vlolamine G, are the corresponding sulphonic 
acids obtained by sulphonation of the products from 0 toluidioe and /-phenetidine respectively. 


The above denvatives of phthalic acid are known as Phthaleins, succimc 
anhydride gives similar products known as Succineins. For example ; — 

Rhodamine S, Cl(CH,),N-C,H,<^^^aH,N(CH,V 

cijHaCOOH 

Finally, mention should be made of two phthaleins of somewhat different 
properties, viz. : — 


Galleine from gallic acid or pyrogallol and phthalic anhydride, a violet mordant 
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dye» and Caeruleine, an anthracene denvative, obtained by treating galleine with 
concentrated sulphuric acid ; a green mordant dye : — 


OH OH 

“OST" 

CgH^COOH 

Galletne 



C,H4-C 

Cotruleine. 


6. AZINE DYES 


The azmes are characterised by containing the azine (pyrazine, paradiazine) 
ring:— 

— C C— 

4 L 


The azine dyes of the anthracene senes (indanthrene, etc.) have already been 
described. We shall consider here those azines which contain other aromatic 


nuclei. 


The simple azines, like diphenazme, 



or naphthophenazme, 



like the simple azo compounds, are not dyes. But when the 


nuclei contain suitable substituents (“ auxochromes ”), such as NHj or OH, the 
products are in general dyes. It is now usual to formulate the azine dyes as 
possessing an ortho-quinonoid structure, and this practice will be followed in the 
succeeding pages. 

In some cases, the safranines, alkyl or aryl groups are attached to one of the 
two mtrogen atoms, which is then regarded as qumquevalent, the dyes being then 
referred to as azonium compounds, — Safranine T — 



f./., meso-phenyldiaminoditolylazonium chlonde, mixed with the corresponding 
meso-tolyl body. 

The principal group of azines to be considered are the Eurhodines, the 
Rosindulines and Isorosindulines, the Safranines, and the Indulines. 

The Eurhodines are aminodiphenazines, the Rosindulines and Isorosin* 
dulines are naphthophenazine compounds, the Safranines are, as previously 
stated, meso-alkyl- or -aryhdiaminoazines, while the Indulines are meso-alkyl- 
or -aryl- tri- and -tetraaminoazines. 

The following general methods for the production of azines should be noted : — 


I. Condensation and Oxidation of a /-nitroso derivative of an 
amine with a second amine. For example 

>NO /CH, ^Nv XH, 

(CHahN-CeH/ + yCtH,< + O + HQ -> (CH,)aN-CeHa^ >CaHa<; 

HaN^ ^NH. ^NHaHQ 

^Nitrosodimethyl iM-Toluyl«M diamin*. Neutral Red (an eurhodineX 

aatUne. 


34 
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Instead of a/ nitroso compound, a /-diamme or a /-aminoazo compound maj 
be used ; for example : — 

/NHg JUs. 

(CH,),N-C,H/ NHj + 3O + Ha -> (CH,),N— 


/-Amiiiodimethylaniline. M-Pbenylenediamine. 


Neutral Violet (an eurhodme). 


C«Ha /CeH,/ *+ O + HCl 


(CH,)*N-C ,1 


C,H, 

/•Phenylazodimetbyl Pbenyl m toluylene 

aniline. diamine. 




c.H.'^a 

Rboduline (a safranmeX 

In the latter reaction it will be noted that the azo compound splits up and an 
amine forms as a bye-product. 

2. Both the azine nitrogen atoms may be obtained from an o-diamine 
or (i-aminoazo compound, e^. 




+ CxoH^NHa + 3O + HCl^ 


QHa 

£thyl*^toluylene a-Napbtbylamine. 
diamme. 


ch,-c,h/ 

Induline Scarlet (a rotindulmeX 


.N=NR 

CHf-CeHjC + CioHvNHj + O + HQ • 

\NH-CaHa 


Aao derivative of ethyl-/* 
toluidine 


a-Napbtbylamine. 


ch,-c,h/*^^c..h,nh, 

+ R ] 


CaHa Cl 

Induline Scarlet. 


3. The most important method is that in which three components 
are used ; this method is largely employed for obtaining Safranines 

Obviously this method is capable of yielding a great variety of products. The 
process may be earned out either m one step or two If, for example, a /^-nitroso 
compoimd of an amme is condensed with another amine, an intermediate product, 
an indamine, is formed, thus ; — 


(CHalaNCaHaNO CaHaNH, + HCl (CHaljN-CaHa^N-CaHaNH, 

/•Nitrosodimetbylaniline. Aniline. Indamine. 

The indamines are too unstable to be used for dyes, but on oxidation with 
another molecule of an amine give azines, e,g , : — 


Cl(CH,)r-N=C,H«^ 

+ 

NH, 

<Lh 


A 

c,H, a 

Methylene Violet (a safranineX 


Obviously, instead of a /-nitroso compound a /-diamme or /-aminoazo compound 
may be used. 

The three components may be directly condensed and oxidised to the azine 
without isolation of an intermediate indamine. This was the method by which 
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the first synthetic d^e, Mauveinei was obtained by Perkin m 1856. Mauveine is 
a mixture of Safranmes obtained by oxidising an impure anilme contaming toluidine. 
It consists of — 







and its homolognes. 


Safranine T, previously referred to (p. 473), is obtained by this method from 
^toluylene>diamine, analine, and ^toluidine, or /-toluidine and ^-toluidine (two 
molecules.) 


Similarly, Phenosafranine, mesophenyl-diammophenazomum chloride, is 
obtained from /-phenylenediamme and two molecular proportions of aniline. 

The indulines are produced by a similar method, Induline itself contains 
mesophenyl-dianilinoaminodiphenazonmm chloride, and mesophenyl- tri* and -tetra- 
amlinophenazonium chloride : — 



and is prepared by heatmg aminoazobenzene with anilme and anilme hydrochloride. 
Here arylamino groups are introduced into the molecule by means of the excess 
of anilme. 


Nigrosine is similar m composition, and is prepared by heatmg anilme and 
its hydrochlonde with nitrobenzene and a metal These two dyes are prmcipally 
used in the production of varnishes and inks (see p. 491). 


4. Another method which is a direct condensation without oxidation, 
viz., condensation of an famine with an ^quinone, is illustrated by the 
preparation of Flavinduline : — 


<ZX' 


HgN- 

=0 ^ HN- 

Phenanthrene- o Aminodiphcnyl 
quinone. amine. 



+ HQ 



A large number of other azmes are known, but the above are sufficiently typical and illustrate the 
general methods. 

Hiose azmes which contain only ammo group are m general basic dyw, dyeing tannin-mordanted 
cotton or silk usually red, violet, or blue shaaes. When sulphomc acid ^oup are pesent, t 
when the dyes are derived from sulphonated parent materials, or are sulphonated after their produc- 
tion, the products are acid wool eyes ; practically the only recent developments m the azme senes 
are in ^e production of add wool dyes of the Safianme ty^ 

We may note finally that some azo dyes have been premred by diazotisine azme dyes containmg 
ammo groups and coupling with /3-naphtnol, etc. ; I&doin olue (diazotised Ss^nme T-l-^-naphthol) 
is an example. 
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7. OXAZINE DYES 


The oxazine dyes are analogous to the azines, but contain, instead of the azine 
nng, the oxazine nng 

— C C— 


-i L 


I 

The oxazines are usually formulated as ortho-quinonoid compounds. It will be 
seen from the examples given below that the general methods of preparation are 
analogous to those employed in the production of the azmes 

The most important group of oxazines is the Gallocyanines, which are 
obtained from galhc acid and its denvatives, and are employed for producing blue 
shades by pnnting on cotton or wool with chrome mordants. 

Gallocyanine itself is prepared from mtrosodimethylaniline and gallic acid : — 
^NO .on .on 

(CH,)sN.C,h/ + + O + HCl (CH,) jN 

HQ/ \cOOH I \COOH 

Cl 

Nitrosodimethylaniline Gallic acid Gallocyaniae chloride. 

The free base may be formulated as the anhydride .— 

^on 

:o 


By usmg denvatives of gallic acid other gallocyanines are produced, , Prune, 
from mtrosodimethylaniline and methylgallate ; Gallamine Blue, from nitroso- 
dimethylanilme and gallamide , Celestine Blue B, from nitrosodiethylaniline and 
gallamide. In these processes the /-aminoazo compounds can be used instead of 
the /-nitroso bodies {rf. the corresponding processes for preparing azmes). 

Reduction converts the gallocyanines mto their leuco derivatives (ZQOO Blue, 
Modern Violet, etc.), which for some purposes are preferable to the parent dyes. 
The action of bisulphites also give products which are probably modified leuco 
denvatives. Gallocyanines can be condensed with aromatic amines or phenols ; for 
example, Delphine Blue is prepared by condensing gallocyjuiine with ^iline and 
sulphonating the product, while Phenocyanine Vo is obtained from diethylgallo- 
cyanine and resorcin. By heating ordinary gallocyanine in solution or suspension 
in an acid, neutral or alkaline medium, CO2 splits off and a pyrogallol-gallocyanine 
is obtained (see English Patents, 20,802, 1906, 9,961, 1907, 1,334, 1908). 

The other oxazine dyes need not be discussed at length Examples are ; — 


Meldola’s Blue (New Blue), from mtrosodimethylaniline and /3-naphthol ; Nile Blue A, from 
mtrosodiethyl -m-aminophenol and a-naphthylamine ; Muscarine, from mtrosodimethylaniline and 
2 7-dioxynaphthalene. HO\ 
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8. THIAZINE, THIAZOLE, AND SULPHIDE DYES 

These three groups of dyes are conveniently considered together, as they are 
each characterised by containing sulphur, in a nng or otherwise. 

The Thiazines contain the six-membered ring— 



which may be compared with the azine and oxazine rings. 


A typical thiazine is Methylene Blue, tetramethyldiaminodiphenazthionium 
N 

chloride, (CH8)2N ^ ^C8H8N(CH8)2. It is prepared by oxidismg dimethyl- 

I 

Cl 


/>-phenylenediamine together with sodium thiosulphate to give the thiosulphomc 
NH 

acid, (CH3)2N ^ , which is then oxidised with dimethylaniline to the 

SOgH 

indamine, (CHg)2N=CgHg=N — CqH^ — N(CH8)2, which, on further oxidation, gives 

NH 

first Leucomethylene Blue, (CHg)2N.CgHg<^ ^CgHg — N(CHg)2, and then the 


dye. 

Methylene blue is a basic dye, dyeing tannin-mordanted cotton. It has 
also therapeutic properties 


New Methylene Blue N, diethyldiammotoluphenazthiomum chloride, is 
obtained similarly from /-aminoethyl-i^toluidine, sodium thiosulphate, and ethyl-^v 
toluidine, and has similar properties 


Brilliant Alizarin Blue, ethylbenzylaminophenodioxynaphthazthionmm 
sulphonic acid anhydride, is obtained by oxidising /-aminoethylsulphobenzylaniline 
thiosulphonic acid and jS-naphthohydroqumone : — 

/NHg /OH yOll 

C,H,N 

CH2.CeH4SO,Na SOgNa CHg.CeH4 SO, 

It dyes chromed wool, cotton, or silk. 

Another method of obtaining the thiazme ring consists of the use of sulphuretted 
hydrogen and ferric chloride ; for example : — 

Gentianine, dimethyldiaminodiphenazthionium chloride, 

(CH3)gNC,H,^^^C,H,NHg. 

I 

Cl 

is obtained by oxidising by means of feme chloride, /-phenylenediamine with 
dimethyl-/-phenylencdiamme m presence of sulphuretted hydrogen. 
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The Thiazoles contain the five-membered ring : — 



The t37pical thiazole is Primuline, a yellow direct cotton dye ; it is obtained by 
heating ^toluidine with sulphur, whereby dehydrothiotoluidine, 

HaN.QH4 

IS first formed ; this, on further heating with sulphur, condenses to the primuline 
base . — 

H,N C=N QH, C==:N.CeH, C=N 
\s/ \s/ \s/ 


which is sulphonated to give Pnmuline. 

As previously descnbed, Pnmuline can be diazotised and combined with azo 
dye components, and it is used thus for producing azo dyes on the fibre (see 

Developing Dyes, p. 450) 

Methylation of dehydrothiotoluidine gives Thioflavine T, 


CH,a 

X 

CH,CeH,<^ /C CeH*N(CH,)a, 


which dyes tannin-mordanted cotton or silk green- 
ish yellow. 


The Sulphide Djres (p. 545) form a ve^ large and important group. They 
are charactensed in general by the property of dissolving in sodium sulphide solutions 
and dyeing cotton from such a bath. Some, however, are insoluble in sodium, 
sulphide, but dissolve m alkali hydrosulphite and thus behave as vat dyes. The 
method of preparation is very simple, consisting in meltmg the parent substance 
with sulphur or more usually with sulphur and sodium sulphide. The parent sub- 
stances used are very diverse The first sulphide dyes were prepared from natural 
organic bodies, such as sawdust, bran, woodpulp, etc., and the product, CachOU 
de Laval, dyed cotton brown shades. The first sulphur dye from a synthetic 
organic compound i^as Vidal Black from /-aminophenol. A large number of 
sulphide dyes have been prepared from diphenylamine derivatives, Immedial 
Black V, from dimtrooxydiphenylamine, Immedial Sky Blue, from diethyl-/- 
amino-/'-oxy-diphenylamine. 

Casselia & Co. form indopbenolic bodies by condensing /-nitrosophenol with carbazole or its 
N-alkyl, etc., denvatives ; and then sulphurise Hydrom Blue R and G (see English Patents, 
2,918, 1909; 9,689, 1909, 14,143, 1909, 18,822, 1909, 22,138, 1910) are vat dyes of this type. 

The sulphur dyes derived from anthraqumone have already been referred to (see Anthracene 
Dyes, p 458) 

Although so many sulphur dyes have been prepared, their constitution is not known with 
certainty. Probably many of them, for example, Immedial Sky Blue, contain a thiazine ring, and 
also contain a thio or dithio group (R S.H or R.S S R ). 


9. ACRIDINE DYES 

This is a small group of basic dyes, which contain the acndine nucleus, 
. A typical method of preparation may be illustrated by the case of 
Acridine Yellow, diaminodimethylacndme ; condensation of formaldehyde with 
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m-toluylenediamine gives tetraminoditolylmethane 



from which, on heating with acids, ammonia splits off, giving a hydroacridine derivative: 




this on oxidation, say, with ferric chloride, gives the dye, 

HC.H.N. N. NH. 

A similar condensation, using benzaldehyde and w-toluylenediamine, gives 
Betizoflavine, diammodimethyl-meso-phenylacndme, 


.N. .NHa 

CiH. 

dyes yellow shades. 

Another yellow acridine dye, which is used for dying leather, is Phosphine, a 
diaminophenylacndine, 

C,H4<Q)>C,H^NH., 
i,H4 NH, 

first obtained as a by-product in the manufacture of Rosaniltne. Its formation 
may be represented thus — 


yNH, . 

+ 

QH* NHg 

#>Tolttidiae. Aotline. Anilm«. 


NH, 


C,H.<^pC,H,.NH, 

(!:,H4 nh. 


lo. MINOR GROUPS OF DYES 

A brief description will be given here of a number of small groups of dyes : — 

{a) Nitro Dyes — Some simple nitro compounds possess dyemg properties. 
Examples are ; Picric acid (tnmtrophenol), Martins yellow fdmitro-o-naphthol), 
Naphthol yellow S and RS (dimtronaphthol sulphonic acids), Aurantia (hexa- 
nitrodiphenylamine) , all are acid wool dyes 

Picric acid is still used to some extent for silk and leather. 

{b) Nitroso-Phenol or Quinoneoxime Dyes.— These are practically obsolete 
^es; examples are Past Green O (dinitrosoresorcin or benzoquinonedioxime), 
Gambine R and Y (nitrosonaphthols or naphthoquinoneoximes), Dioxine 
mtrosodioxynaphthalene or oxynaphthoquinoneoxime) , these are mordant dyes. 

(r) Qiuinoline Dyes. — ^These are chiefly of interest because of the use of some 
of them m photography (see Photographic Chemicals, p 655)- 

Cyanine, obtained by the action of amyl iodide on a mixture of qumohne ^d 
lepidine, and Quinoline Red, from benzotrichloride, quinoline, and isoquinolme, 
are examples ^ these. 
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Quinoline Yellow, qumophthalone, is obtained from quinaldme and phthalic 
anhydride ; sulphonation of this product gives a soluble wool dye. 

{d) Oxyketone Dyes (other than anthracene derivatives). — A few mordant 
dyes of this type may be noted Alizarin Yellow A, trioxybenzophenone, from 
benzoic acid and pyrc^allol , Alizarin Yellow C, tnoxyacetophenone, from acetic 
acid and pyrogallol , Galloflavine, obtained by oxidising gallic acid , and Alizarin 
Black S or Naphthazarine S, the bisulphite compound of naphthazarine, 

HO O 

obtained from dinitronaphthalene by Zn + cone. H2SO4, or S + SO3, 



{e) Indamines and Indophenols. — These are compounds of the type 
NHaQH.— N=CeH4=NH and NH2QH4— N=CflH^= 0 , respectively. They are 

Indamine. ladophenol 

too unstable to be used as dyes; the production of indamines as intermediate 
products m the manufacture of azine and thiazine dyes has already been referred 
to {q v.)» On reduction they yield diphenylamine derivatives, and hence they are 
of importance as the parent materials for the manufacture of sulphur dyes. 

(/) Aniline Black. — This old and still highly important dye should be more 
properly discussed under dyeing, since it is practically always formed on the fibre, 
by impregnating the material with aniline salts and oxidising by means of chlorates, 
etc. Many variations on the process have been suggested, chiefly with a view of 
obtaining a black which will not turn green. One of the most recent processes is 
that of Green (English Patent, 16,189, 1907), according to which a small quantity of 
/)-phenylenediamine, /)-aminophenol, or the like, is added to the aniline, and the 
oxidation is effected by air, the / phenylenediamine, etc., being supposed to act 
catalytically. 

The constitution of aniline black has been the subject of many researches. It has the empincal 
formula (C^HjN)* According to Green and Woodhead {fount Chemical Society^ 1910, p. 2388), 
a senes of quinonoid bodies containing eight nuclei can be obtained by oxidation of aniline, viz., 
proto-emeraldine, emeraldine, nigranilme, and pernigraniline, the first and last of these being 
unstable bodies ; aniline blacks prepared in substance consist of a mixture of emeraldine, nigranilme, 
and higher condensation products, while the blacks produced on the fibre consist largely of higher 
condensation products. Emeraldine and mgraniline are formulated as — 

and 

respectively. 

In subs^uent publications {Jount Soc, Dyers, 19 IJ, pp. 105 e^ seq , yfietseq,). Green develops 
the view that his blacks are azomum compounds, obtained by conjoint oxidation of products of the 
emeraldine senes with a further amount of aniline; the **aged*' and ** chlorate ” blacks are 
formulated as— 






Clv^Cetl, 


while the ** bichromate” blacks are regarded as the corresponding hydroxy compounds {cf. 
English Patent, 19,124, 1912). 

For Dyeing Processes with Anihne Black (see pp. 544, 556, 557). 



SECTION XIV 


The Industry of Natural Dye-Stuffs 
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The natural colounng matters of animal and vegetable ongin have been used 
for dyeing for hundreds, and in some cases for thousands, of years. Smce the 
manufacture of the artificial colouring matters from coal-tar their use has enormously 
decreased. A few, however, still possess some importance, viz , indigo and logwood 
Artificial indigo, however, is now being manufactured in large quantities, and no 
doubt in course of time the use of the natural colourmg matters will entirely die out, 
^ing replaced by supenor and cheaper synthetic products. 

Statistics. — The following figures show the value of the natural dye-stuffs imported into the 
United Kingdom . — 



1906 

1910 

Value 

Cochineal - • - - 

Cutch 

Natural indigo 

Logwood - - - - 

Other dye woods • 

Dye wood extracts were va 

Cwt. 

2,270 

S»2i7 

7,641 

359.8*0 

70,360 

aed m 1908 at 

Cwt. 

1,269 

3»202 

3»350 

2177340 

104,360 

[76,318 , in 1910 1 

^ 7 . 3*1 

86,803 

43.054 

42,000 

/• 3!«7S5 
at ;CiS6,359- 


The United States imports were ; — 



1906 

1910. 

Value in 1910. 

Cochineal - - - - 

111,000 lbs. 

151,000 lbs 

141,000 

Cutch - - - • - 

28,000 „ 

1.278 

Indigo (natural) • 

193,000 lbs. 

125,000 „ 

66,000 

Annatto ... - 

. . 

619,37a ., 

40,000 

Turmenc .... 

,, 

28,000 

Dye woods in a crude state — 



Fustic • - . - 

... 

5,800 tons 

83,000 

Logwood - . . - 

37,000 tons 

32,000 „ 

368,000 

All other - - . - 

... 

923 *> 

33*000 

Extracts — 


Logwoodand other dyewoods 

3,390,000 lbs. 

3,270,000 lbs. 

198,000 

Persian bernes • 

... 

83*000 „ 

8,000 

Chlorophyll 

... 

4,000 ,3 

3*000 


Black and Blue Colouring Matters 
Indigo is treated under Coal-tar Colours, p. 459- 

Logwood* (Campeachy wood, German, Blauholz, wood of Hamatoxylon 
tampechianum of Central America) contams a colounng matter termed hacmo- 


* See also pp. 490, 551, ssa. 
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toxylin, + (yellow pnsms, p. 490), which when o^dised is 

converted into the real colouring matter, haematein, This is soluble 

in alkalis givmg a deep blue colour, and violet precipitates with aluminium salts, 
blue with copper, and black with iron and chromium. For dyeing purposes the 
wood m the form of sawdust or chips was formerly used, but now extracts are 
usually employed. 

I In the American Method of extraction the wood is extracted five times 
for fifteen minutes m autoclaves at 1-5 atmospheres pressure. The largest yield is 
thus obtained, but it contams impunties such as resm, tannic acid, sugar, etc, 
which influence the dyeing unfavourably. 

2. In the French Method the extraction is made by simply boilmg the wood 
under ordinary pressure, yieldmg a good and copious extract. 

3. In the Diffusion Method the wood is extracted similar to the extraction 
of beets in the sugar industry Yield small but of best quality, and therefore dear. 

The extract is settled in large tanks, filtered through cloth, and concentrated by 
evaporation Up to 10" the extracts are fluid , 3o*-4o® yield solid extracts. 
Logwood IS exclusively used for black dyeing of silk, using an iron salt and some 
yellow colounng matter to kill the blue tone Also used for dyemg and printing 
black and grey shades on calico and wool, and for shading with a blue tone other 
colouring matters. Exc^t for black silk its use is being displaced by artificial 
colounng matters For Dyeing Processes, see pp 551, 552. ' 

Tests — Logwood chips may be adulterated with syrup extracts containing tannin chestnut 
extract) or ** foots” or with excess of moisture (i) A microscopic examination usually reveals nature 
of contamination (2) Estimate the moisture (drying weighed quantity chips at 100® C ) If it 
contains more than 14 per cent (usual quantity) it is adulterated and may take up 40 per cent 
moisture. (3) The only reliable test is an actual dyeing test with white wool, made with definite 
weights of wood, thoroughly extracted, and definite weights of mordants. 


Red Colouring Matters 

Madder (German, Krapb ) — Now displaced by artificial alizarin (p. 451), 
which see 

Redwood, Brazil Wood {Rothoh^ Bois rouge ). — Many different varieties are 
known {Family Leguminosae, genus (Daesalpmia, found in East Indies, Central and 
South America, etc.). It contains the colourless base brasilin, which 

when carefully oxidised furnishes the red colouring matter brasilein, Ci^Hij 05 . 
The constitution of brasilin is believed to be as shown — 


HOCeH 





:Hr-C,H,(OH), 


but the substance has not as yet been synthesised. The colour is not very fast, and 
its use is dyeing cotton, and prmting to produce mixed shades ; also for wool and 
oils. 


Santalwood {Sandelholz, East Indies) contains 16 per cent, of santalin, 
; the extract is used for colouring confectionery, liqueurs, tinctures, etc. 


Archil {OrseillCy Oricello^ Orchtlla) is obtained from the algal genera Roccella^ 
yianolana, and Lecanora^ by extractmg the plants with water and warmmg the liquor 
with ammonia, when the archil is precipitated as a paste. The actual colounng 
prmciple is orcin, C^Hj(CHg)(OH)2, which in the presence of air and ammonia 
oxidises to the violet dye orcein, C28H24N2O7. 

Litmus (ZacAmuSf Toumesot) is likewise obtained from certain algse (species 
Roccella and Lecanord) in the East Indies, tropical America, and Canary 


NATURAL DYES 


485 


Islands, Scandinavian and Mediterranean coasts. The algae are dried, ground, 
mixed with ammonium carbonate, potash, and lime, allowed to stand three weeks, 
when the material ferments and produces a blue colour. More ammonia and chalk 
are added, and the mass pressed into cubes and dried. Contains several colouring 
matters (azolitmin, litmum, etc.), which m free state are red, but with alkali form 
blue salts (hence acids turn litmus red, alkalis blue). Used as an indicator m 
chemistry, also for colouring liqueurs, confectionery, preserved fruit, etc. etc 

Carotine is the yellow-red colouring matter of carrots, and is used for colounng 
jbutter and cheese. 

Alkanet, Ci5Hi40^ is obtained by extracting the root of the Alcanna tinctoria^ 
and IS used for colouring oils, salves, hair-oils, etc, and other cosmetic articles, 
since it is soluble in such media and fast. 

Carmine (Cochineal) is a colouring matter contained in the females of the 
insect Coccus cacti (Mexico and Central America) The females are collected 
shortly before the laying season, killed by steam, dried, and sold as colouring matter 
under the name Cochineal The colounng matter is carmine, which is obtained 
by extracting the insects with boiling water, precipitating \^th alum, washing and 
drying; it is stated to be an aluminium calcium protein compound of the 
carmine colouring matter The cochineal insects contain lo per cent, carmimcacid, 
C22H22O13, which IS hydrolysed by dilute sulphuric acid into sugar and carmine 
red, C11H12O7. Carmine is used for making face powders, colounng sweets, 
puddings, etc , being non-poisonous (see also p. 552) 

LaC'dye, a product similar to cochineal in origin and use, is obtained from 
gfumdac, an exudation product formed by certain tree-boring insects, by extract- 
mg with sodium carbonate solution The residue left behind forms the ordinary 
shellac (see pp. 348, 552). 

The Purple of the ancients was obtained from a snail inhabiting the sea-coasts 
of the Mediterranean (see p. 420). 

Yellow, Brown, and Green Colouring Matters 

Fustic (Brazil wood, yellow wood, Gelbholz), from Moms (Madura) iinctona^ 
contains Morin, C15H10O7, and Maclunn, C^HioOe (a non-colouring material) 
Morin gives a yellow lake with alummium salts, used for colounng wool yellow 
Not very fast to light (see p. 552). 

Quercitron, the yellow powdered bark of the oak Quercus tinctoria of North 
America, contains quercitrin, QiH220i2 + 2HaO, which, on boilmg with dilute 
acids, hydrolyses into isodulcite, and the yellow dye Quercitin or Flavin, 

CigHpOy. Both quercitrin and quercitin form yellow lakes with alumimum and 
tm salts, and are consequently used for wool dyemg and pnnting, and largely for 
shading other colours (see p 552) 

Persian Berries, Yellow Berries {Kreuzbceren) contain xanthorhamnin, 
a glucoside which dilute mineral acids hydrolyse into isodulcite and the yellow 
dye rhamnetin, CieH^07 ; the latter substance yields, when fused with potash, 
proto-catechuic acid, Yields yellow lakes with chromium, tin, 

and aluminium salts, fast to soap and chlonne, but only moderately fast to light 
An extract is used as painters* colour and for staining paper and leather yellow (see 

P- 55 *)- 

AnnattO (Orleans, Anatto, Terra orellana)^ obtamed from the fleshy covering 
of the ruccu tree (Bixa ore/lana) of Central America, contains a yellow colouring 
matter, bixen, and the extract is used for colouring butter, cheese, 
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m^garine (see pp. 75, 87, 546), etc When annatto has been adulterated with 
mineral bodies^ more &an xo per cent of ash will be found. 

Turmeric (Curcuma, Gelbwurzel), — The powdered jroot of the Curcuma longa 
and C. rotunda^ contains a yellow colouring matter, curcumine, which can be 
extracted with ether, alcohol, and alkalis. Although not fast to soap or light, the 
substance is a useful colouring agent for wool, silk, oil, butter, and cheese (see pp. 
75 » 54 ^)' 

Woad (Luteolin, Wau, Gelbkraut\ from Reseda^ R. luteola^ contains luteolin, 
CisHjo^o, and dyes silk a fast yellow (with aluminium salts as mordant). 

Indian Yellow, Purree {Furrea arabica^ Piuri) is prepared at Monghyr 
(Bengal) from the urme of cows, fed on leaves of the mango tree. The colourmg 
principle is the magnesium and calcium salt of euxanthic acid, C^gHjQOuMg + sH^O. 
Used as a permanent water and oil colour. If adulterated with chrome yellow it 
gives a black coloration with HjS. If yellow aniline lakes be present the solution 
remains yellow when concentrated HCl is added (if pure a colourless solution should 
result, depositing white flakes of euxanthic acid). 

Cutch (Cachou, Catechu, Japan Earth) is the brown amorphous extract 
obtamed by boiling with water the wood of various kinds of Acacia in India and the 
East Indies. It contains catechin and catechu-tannic acid ; the latter is used 
for tanning purposes, and being soluble in cold water may be separated from the 
catechin by washmg cutch with cold water ; crude catechin remains, which, being 
recrystallised from hot water, is obtamed as fine, white, silky needles, M.P. 217“ C , 
and of formula CgiHjoOg. Cutch is used in cotton dyeing and printing, producmg 
brown, black, grey, and olive shades, very permanent and fast to light, soap, acids, 
and bleaching powder. Also used for silk and wood stains (see p. 549). 

Dragon’s Blood is a deep or brown-red resin obtained from species of Calamus 
(India, Sumatra, Moluccas) and used for colouring spirit varnishes, toilet articles, etc., 
a deep red (see p. 348). 

Gamboge {Gumigutt^ Gutti) is the resin of Garcinta Morelia (East Indies, 
Ceylon) ; forms a yellow water colour, sometimes used for colourmg spirit and other 
varnishes , poisonous ; used in pharmacy (see p. 348). 

Saffron, Crocus (Sa/ran), from dried and powdered flowers of saffron plant, 
Crocus saltvus (Onent) ; used for colounng confectionery (see pp. 75, 87, 546). 

A green colounng matter is Chlorophyll, found in green leaves and stalks 
of plants, obtained by extracting grass, etc., with alcohol (or with dilute caustic potash 
and precipitating by mmeral acids). Is fugitive in hgh^ but is used for colounng 
confectionery, liqueurs, and toilet articles. 
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LITERATURE 

C. Ainsworth Mitchell and T C Hepworth — “ Inks, their Composition and Mano^ 
facture ** 1904 (Gives English Patents to 1904 ) 

Sigmund Lehner Ink Manufacture ” 1902 

SCHLUTTIG AND Nbumann. — “ Untersuchungen Eisengallustinten ” 1909 

A Buchwald. — “Bleistifte, Farbstifte.” 1904 

Black Writing Inks 

Gailotannic Inks. — The ordinary writing inks consist, principally, of the iron 
salts of gailotannic and gallic acid substances contained in vegetable tannins 
Gailotannic acid occurs in gall tannin and has the formula * — 

C 8 H 2 ( 0 H) 8 — CO— O— CeHi(OH)2 COOH 

When hydrolysed by hot acids, or by fermentation, it breaks down into gallic 
acid, CgH 2 (OH )3 COOH Gailotannic acid yields blue or black compounds with 
iron salts Gallic acid, however, produces no coloration with ferrous salts, but the 
solution on standing gradually oxidises to the ferric state, becomes black, and 
deposits an insoluble black precipitate In consequence of this property the 
ordinary writing inks of commerce are ferrous (unoxidised) inks with gallic or 
gailotannic acid, and being usually of a very pale colour, have added to them a 
provisional colourmg matter, such as indigo sulphonic acid, soluble blue, etc The 
ink on penetrating into the fibres of the paper oxidises after some days into the black 
ferric compound, and so is not easily removed by washing The presence of 
mdigo increases the permanency of the ink, and makes it more resistant to the 
action of bleaching agents 

A good ink of this nature consists of an extract of 42 parts Aleppo galls in 120 parts of water, 
mixed with i*2 parts of indigo solution (indigo sulphonic acid), or some other blue aniline dye, 
such as aniline blue, fast blue, etc To this are added 5 5 parts of ferrous sulphate and 2 parts 
of metallic iron dissolved in crude acetic acid (pyroligneous liquor) A certain amount of anti 
septic — say 2 lbs phenol to 1,000 gals of ink — is usually added to prevent the ink from becoming 
mouldy 

State of Massachusetts official ink contains Dry gailotannic acid, 23 4 , gallic acid crystals, 77; 
ferrous sulphate, 30 , gum arabic, 25 , dilute hydrochloric acid, 25 , phenol, i , all dissolved in 
1,000 parts of water 

Dietench recommends the following ink 60 g tannin are dissolved in 540 c c of water ; 
40 g of ferric chlonde solution, containing 4 g of iron, are mixed with i g of sulphuric acid and 
400 c c of water The solutions are mixed, boiled ten to fifteen minutes, and then 30 g of sugar 
and 10 g of anilme water blue iB are added. The ink flows easily from the pen with a deep 
blue colour, and dries blue<black ; copies taken are blue at first but become black 

Gallic Acid Inks. — When gailotannic acid is hydrolysed by aad or allowed to 
ferment it breaks up into gallic acid, 4- HgO = 2 CyHg 05 After the con- 

version of gailotannic acid into gallic acid twice as much ink is produced from a 
given amount of ferrous sulphate — a fact which has given rise to Gallic Acid Inks, 
which we will briefly describe • — 

Ink from Fermented Gall Extract.— 200 parts of powdered Chinese galls are kept moist (but 
not wet) at 20*-as® C until mouldy (eight to ten days), when most of the gailotannic acid has 
ferment^ into gallic acid. The galls are thoroughly extracted with hot water, talc is added, the 


* Recent research has shown that the tannins consist of several complex substances. 

35 
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solution filtered, and made up to i,ooo parts by weight ; then lOO parts of feme chlonde solution 
containing lo per cent of iron are added, and tne ink left for two weeks in closed flasks, decanted, 
and a provisional colour added, which, for a blue-black ink, consists of 3 parts of phenol blue 
m 400 parts water + 1 part phenol ; this is added to 600 parts of the ink solution, the whole 
kept for a week in a loosely-covered flask, and then decanted. A black ink is given by 10 5 parts 
aniline green + 9 parts ponceau red R-f-i part phenol blue 3F dissolved in water and added to the 
mk solution. 


Ink from Hydrolysed Tannm Solution. — 100 parts of tannin, 100 of water, 200 of feme 
chlonde solution (10 per cent, iron), and 10 parts of crude hydrochloric acid (sp gr i 16), arc 
heated for ten hours at 80^-90° C (in order lo hydrolyse the gallotannic acid mto gallic acid), then 
diluted with 700 parts of hot water, heated to 80® C. for one hour, cooled, kept in a closed bottle 
for two weeks, filtered, and diluted to 1,000 parts A provisional colour must be added, since the 
wnting at first is barely susceptible, although it ultimately oxidises to deep black The provisional 
colour may be the same as that in the preceding ink 


Chemical Nature of Tannin Inks. — Schluttig and Neumann showed that 
benzene derivatives containing three or more hydroxyl derivatives in juxtaposition 
yield permanent inks with iron compounds For instance, hydroquinone, C5H4(OH)2, 
does not yield an ink with iron salts, whilst gallic acid, gallotannic acid, and haemo- 
toxyline (the colouring principle of logwood), each of which contain three adjacent 
hydroxyls, all yield permanent inks with iron salts — 


C«Ha 


fOH (I) 
OH (2) 
OH (3) 
.COOH 


Gallic acid 


CO 


/C,Hs,(OH),(l 2 3) 

\0— CeHs(OH)j COOH 


Gallotannic acid 


CeH2(OH),(i 2 3) 
QH4 

CeH2{OH)3(i-2 3) 

Haematoxyline 


The precise nature of the iron compounds which occur in tannin inks is unknown ; no doubt 
several individual bodies exist and contribute to the effect The e^enments of Pelouze, Wittstein, 
and Schiff point to the existence of the basic tannate (Ci4H309)8Fe — Fe(Ci4H909)s Chemically, 
however, the whole subject is very obscure 


Tannin Materials for Inks — Tannins of various kmds occur widely di^ 
tnbuted in the vegetable kingdom, and consequently there exist a large number of 
vegetable products from which inks can be made Among these may be mentioned 
Galls, vegetable excrescences formed upon the branches, shoots, and leaves of trees 
by the puncture of the young tissues by the females of certain insects for the purpose 
of depositing eggs Many vaneties of galls occur, such as Oak Apple Galls, 
Aleppo Galls (Turkey or Levant Galls), Chinese Galls, Japanese Galls, 
Acorn Galls, etc These contain from 40-70 per cent of tannin, estimated as 
gallotannic acid 

Other ink-making materials are Chestnut Extract (from the wood or bark 
of chestnut tree). Sumach Divi-Divi, Myrobalans, Valonia, Oak Bark, etc , 
all of which materials are rich enough in tannins to yield good inks (See also under 
Leather Manufacture, p 573) 

Tanmns may be divided mto ‘‘iron-blueing” and iron- p-ecning’’ according to the colour 
of the precipitate they form with iron salts Only the iron-blueiflg tannins are suitable for the 
manufacture of black ink Oak-bark tannin, although an iron -greening tannin, contains a substance 
giving a blue precipitate with iron salts and consequently can be used for ink manufacture Tannins 
suitable for leather (see Leather Manufacture), are often unsuitable for inks 

Statistics — The amount of galls impiorted into Britain was 18,500 cwt (value, ;^62,ooo) in 1906, 
and 15,600 cwt (value, ;f37,ooo) in 1910 The amount of the other vegetable tannins is given undei 

Leather 


Logfwood Inks — Logwood extract (see Logwood, Natural Colouring 
Matters) is often added to iron gall inks, improving its colour without injuring 
Its permanency A common recipe is 3 parts of galls, i of ferrous sulphate, i of 
logwood, in 50 parts of water, with gum arabic in proportion of i part to 40 of ink. 

A copper logwood ink consists of logwood extract, 20 kilos in 200 kilo, water, mixed with 
10 kilos of ammonium alum previously dissolved in 20 kilos, of boiling water, o 2 kilo sulphuric 
acid, 1.5 kilos copper sulphate in 20 1 of water. A provisional colourmg matter (indigo sulphomc 
acid, phenol blue, etc ) must be added The copper destroys steel pens 
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Dietench’s School Ink is a bichromate logwood mk, consisting of 200 parts of a 20 per cent, log- 
wood extract solution diluted to 500 c c and heated to 96® C Then a solution of 2 parts of potassium 
bichromate, 50 of chrome alum, and 10 of oxalic acid dissolved in i so of water are add^ drop by 
drop, the mixture maintained at 90* for thirty minutes, and then diluted to 1,000 parts, i part of 
phenol added, and the whole allowed to stand two to three days, decanted, and is then ready for use 
Black Aniline Inks — A black ink stylographic pen consists of a solution 
in water (i part dye to 80 parts water) of the various brands of water-soluble 
nigrosines (the sodium salts of the sulphonated nigrosines, see Dyes, p 475) Such 
solutions have no action on metallic pens, and dry i^ell, but lack the permanency 
of a good iron gall ink Induline blue (B) (p 475) forms a similarly constituted 
blue ink. 

Coloured Writing Inks 

These are usually made from water-soluble aniline dyes such as the follows mg, 
the proportions being i part dye to 50-80 parts of water 

For Red Inks — Eosm, erythrosin, ponceau scarlet, or cotton scarlet 
For Green Inks. — Neptune green S.G , diamond green G 
For Blue Inks. — Indigo carmine, or soluble blue T 

A good blue ink (fast) is made by triturating 10 parts frcshl> precipitated Prussian blue, X part of 
oxalic acid, and adding Abater gradually 
Violet. — Acid violet 4B L. 

Yellow — Fast yellow or tartrazin in water. 

Gold Ink — Gold leaf, mixed with honey, is ground fine, w^ashed, dried, and 
stispended in gum-arabic (i) 4 -i of soluble potash glass dissolved in 4 of water 
Substitutes for gold are Dutch leaf or bronze powder Silver ink = powdered 
silver (or Aluminium foil) rubbed up with gum or the preceding medium 

Essentials of a Good Writing Ink. — (i) The writing should be permanent 
(2) The ink should flow readily from the pen (3) It must penetrate deeply mto 
the fibres of the paper without passing right through (4) It must not become 
mouldy or thick in the ink pots. (5) It must not extensively corrode metallic pens 
(6) The writing must rapidly dry and should not be sticky — unless it is a copying ink 

Copying and Hectographic Inks 

I Writing Inks. — Ordinary iron-gall and logwood writing inks are rendered 
capable of giving one or two good copies in a press, or less readily in a rapid-roller 
copying machine, by the addition of glycerol, gum, sugar, glucose, etc , to a 
previously concentrated ink 

Better results are obtained by using concentrated solutions of the water soluble 
aniline dyes with the addition of a small proportion of glycerol 

Many of the copying inks on the market contain an excess of acids and gums or other thickening 
substances which are not only unnecessary but actually deleterious 

Any of the basic dyes are suitable for the manufacture of copying inks, the proportion to be used 
varying with the strength of the dye and the number of copies required , e g y Violet Inks— Methyl 
Violet 3B ; Crystal Violet [B] , Methyl Violet O and III extra N Red Inks — Eosm, Diamond 
Magenta , Magenta Powder ; Safranme T extra [B] Black Copying Ink — Diamond Green 
B and G [B] -f- Diamond Magenta + Chrysoidine Also aniline black dissolved in alcohol and gl> cerol. 

Hectograph inks are merely concentrated copying inks Occasionally it is 
desirable to add a small proportion of alcohol and a very slight excess of a weak 
acid to prevent thickening due to deposition of the dye 

Typewriter Ribbon Inks. — The manufacture of typewriter ribbons has 
increased enormously in recent years There are quite a number of firms who 
have placed on the market machines for cutting, inking and winding typewriter 
ribbons , whilst the manufacture and cutting mto the required widths of the 
fabric IS a separate branch of the industry 

The firms selling inking machines also provide suitable grinding mills and 
formulae for manufacturing the inks 

Typewriter nbbons may be divided into two classes • — 

{a) Record or Non-Copying — The only really permanent ribbons are those inked with a 
composition having lamp or a similar carbon black as a basis 

For use on a modern inking machine the lampblack, or in the case of coloured ribbons an 
aniline lake, is ground m a suitable mill with a non-drying oil, thickened if necessary with petroleum 
jelly. Occasionally a litUe volatile solvent such as petrol, carbon tetrachloride, etc., is used to 
facilitate absorption. 
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Oil-soluble aniline colours may also be employed for the manufisictare of one-colour record 
ribbons. 

{b) CopjinsT Ribbons. — Copying ribbons are made m several varieties 

Slow-copying, two-sided nbbons, for use with the old-fashioned screw press using damp ra^ ; 
and one or two sided-rapid copying ribbons for use on machines such as the Roneo Co^ ler using 
rolls of prepared paper. 

The slow-cop;^ng ribbons contain a lake or colour and a small proportion of a water-soluble 
dye, whilst the rapid roller nbbons consist of a strong water-soluble dye ground in a non-drying oil 
It IS not necessary to add glycerol or indeed any other substance beyond the oil and dye 

Testing^ Tjrpewntcr Ribbons — A well-made typewriter ribbon should give fine sharp 
impressions, exhibit no tendency to fill the type and be cleanly in use and last a reasonable time 
without losing Its writing or copying properties or wearing into holes 

The general character of a ribbon can best be judged by an extended and careful test carried 
out on the machine for which the ribbon is intended. 

For purposes of comparison short definite lengths of the ribbons to be tested should be worked 
backwards and forwards through the typewriter a stated number of times and the results compared 
If the letter “ e” is alone used for tnis test the type-filling property can also be judged. 

To test the life of a ribbon a special testing machine similar to that described in the United 
States Bureau of Chemistry Bulletin No 109 revised, p 51, is necessary 

Some idea of the life of a ribbon can be obtained, however, from the results obtained in the 
character and filling tests described above 

In order to obtain concordant and comparable results, it is absolutely necessary that the tests 
should be carried out under exactly similar conditions 

A good copying nbbon should give eight to twelve readable copies from one original The 
copying test should preferably be earned out on a “Copier” in order to obtain comparative results 
As a rule one-sided nbbons give neater work and are cleaner to handle than two sided ribbons 
and are absolutely non-filling, but the life is somewhat shorter than that of a two sided ribbon 
One-colour record ribbons are always two-sided 

Record nbbons may be tested for resistance to sunlight and chemical reagents if necessary 
As mentioned previously only black record nbbons are absolutely permanent, but for ordinary 
commercial use a good copying ribbon is generally preferred owing to tne convenience of being able 
to obtain actual copies of the correspondence without using carbon paper 

Unless actually exposed to sunlight or to the action of chemicals both the original and copies 
are sufficiently permanent for commercial office use — Frank B Gatbhousb, F C S 

Copying Ink Pencils are made by making a paste of powdered graphite and 
kaolin clay with a very concentrated solution of methyl violet, pressing into sticks 
and drying 

Manifold Copying Apparatus. — ^The block of Rosefeld's apparatus (English 
Patent No 2,256, 1879) consists of gelatine, glycerol, molasses or sugar, acetic 
acid, iron oxide, and sodium bisulphite The ink is aqueous methyl violet 

The drawback of gelatine beds is that they become ultimately saturated with ink 
Smith's apparatus (English Patent No 7,149, 1888) obviates this, as ink is sponged 
or scraped off when used. The slab consists of china clay, starch, glycerol, 
and water. The ink is an aniline dye in water, alcohol, and hydrochloric acid 
Similar pads consist of water (10), dextrine (i|), sugar (2), gelatine (15), glycerol (15), 
zinc oxide (2). Barium sulphate is sometimes used instead of zinc oxide, while the 
addition of soap makes the surface smooth and easily washable 

Marking Inks 

(a) Natural Vegetable Inks — A number of plants give black marking inks 
Among these we may mention the juice of Conana thymtfolia^ a plant occurring 
in New Granada and New Zealand (“ ink plant ”). 

The fruit of the Indian tree, Anacardtum orientate or Semecarpus anacardium — 
the “ marking nut ” — yields a juice which when mixed with lime water or alkali marks 
linen an almost indelible black. Similar inks are prepared from the Cashew Nut 
(fruit of Anacardiaceae, A occidentaUy found in India, West Indies, tropical South 
America), the Rhus toxicodendron (North America), Rhus venenata (North Amenca), 
and Rhus radicans, 

(h) Chemical Marking Inks— Silver Inks —These inks contain a silver 
salt — usually silver nitrate — the reduction of which within the fibres of the material 
leaves an insoluble black deposit. 
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Thus DteiertcKs marking ink consists of 25 parts sahrer nitrate and 15 gum arabic in 60 
parts ammonia solution, to which are added 2 parts of lampblack or indigo The ink must be used 
With a qmll pen, and fixed by passing a hot iron over it. With 25 parts of gum it may be used with 
a rubber stamp. 

Aniline Black Marking Ink is obtained by mixing 2 parts aniline black, 
40 parts 95 per cent, alcohol, and 2 parts hydrochloric acid, add this to 3 parts 
shellac in 150 parts of the concentrated alcohol. Not very resistant to alkalis 

Often a solution of india-rubber (in benzene or similar solvent) + aniline or other 
colours IS used, eg^ for black, india-rubber + lampblack + solvent. 

Foertsch’s Pencil for Glass is made by stu-rmg Prussian blue into a melted 
mixture of 8 parts white wax and 2 parts tallow, and when nearly cold rolling into 
a pencil on a slab and covering with a paper case 

Printing Inks 

These really are rapidly drying paints, consisting of pigments of various colours, 
thoroughly incorporated with varnish made of boiled linseed oil, rosin oil, or other 
vehicles ” for paints. 

Black Printing Inks are made by mixing lampblack with varnish The 
proportion and quality of the lampblack varies widely according to the purpose for 
which the ink is employed, ranging from 20-40 per cent , as shown by annexed 
table (AndeSf “Oel und Buchdruckfarben,” 1889, p. 239), while occasionally a little 
blue pigment is added. 



Rotary 
Machine Ink 

Newspper 

Book Ink 

Illustration Ink 

Oil varnish 

Lampblack 

Pans blue 

Indigo ... - 

Per Cent 
70-72 

30-28 

Per Cent 

76-78 

24-22 

Per Cent 

77-79 

23-21 

Per Cent 

78 

20 

2 

Per Cent. 

78 

19 

2 
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As regards Newspaper ink formerly (and still to some extent) rosin varnish 
was the vehicle used, made by the destructive distillation of rosin, separated from 
Its water and spirit and from the residual pitch products. Recently heavy mineral 
oils have largely displaced the resin Soap is also often added, the presence of 
soap causing the ink to lift well. These vehicles or varnishes are carefully 
ground with lamp-black, the varnish being made of varying consistencies according 
as whether the ink is required for slow or fast printing, cold or hot climates. In 
the inks used now there is a tendency to add blue or blue-black pigments to the 
lamp-black in order to obtain an intensification of colour and to overcome the 
brownish tendency which often develops owing to lightness of impression The 
exact composition of these inks are carefully guarded trade secrets, but some 
recipes have been published some of which are given below. In letterpress 
inks the black pigments used are of a more varied character, careful blending 
of several kinds being resorted to in order to allow the ink to flow at the proper 
rate for allowing the presses printing machines to run at their proper rate In ink 
for illustrations the exclusive use of black pigments has now been departed 
from, delicate shades in ink being now used which greatly heightens the effects 
of the pictures shown. 

The following are some published recipes for printing inks ; — 

I To each callon of Linseed oil varnish (prepared by heating the oil to 38o®-400® F. in 
boilers provided with a closely-fitting lid) add 4 lbs. rosin and I lb, brown soap in slices. Mix 
In the proper weight of lampblack (abont 30 per cent, of weight of vehicle) or other pigment. 
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grind and mix in special grinding machinery, between polished granite or steel rollers, then seal 
up m suitable receptacles, when the ink is ready for use 

2 Brackenbttsch’s mineral oil inks consist of 25 parts paraffin oil, 45 parts of rosm (colophony) 
and 15 parts of lampblack For soft inks for high-speed work reduce the piercentage of rosm 

3 Fireman’s ink (U S Patent., 802,928) consists of manganese dioxide or oxides of iron 
pigments ground into varnish The paper can be bleached and re-made into white paper, which 
cannot be done with lampblack inks 

The following are some published ^^vikuUs^' for inks — 

Mmeral Oil Vehicles — Rosm, 1 part, dissolved m 1 part of mineral oil of sp gr o 880 to 
0 920, previously heated to expel volatile components. 

Rosm Oil Vehicle —Rosm, 50 \ rosm soap, 5, dissolved in rosm oil, 50 , boiled linseed oil, 50 ; 
partly boiled linseed oil, 6 

Lmseed Oil Vehicle —Boiled linseed oil, 100; partly boiled linseed oil, 6; rosm soap, 10; 
rosm, 50 

Composition Vehicle— (i) Olem (added hot), 4, soft soap, 10, thick turpentine, 10, 
(2) White wax, i part mixed at 100° C with castor oil, 15, and Venice turpentine, 5 

Coloured printing inks are obtained by adding pigments to the oil while 
It IS being heated 

Red— Vermilion, madder, Indian red, Venetian red, orange mmeral, orange lead, burnt 
sienna, rose pmk, rose red, red lead, are the colours most used A bright red is got from pale 
vermilion -f carmine Also orange red and vermilion (very permanent) For Pink use carmine 
or crimson lake Blue — Ultramarine, Prussian blue, Antwerp blue, Chinese blue, indigo 
Indigo makes a good dark blue, but is difficult to lighten Prussian blue dries quickly and 
hence requires the roller to be often cleaned Chinese, Antwerp, and Prussian blues are difficult 
to grind and print greenish with thin varnish Purple =s red -H blue pigments Lilac = carmine + 
CO wilt blue. Green — Mixtures of yellow and blue pigments, also chrome green, cobalt green, 
emerald green. Emerald Green » pale chrome 4- Chinese blue Antwerp blue + yellowish varnish 
gives greenish tints White — Heavy spar (barium sulphate) , zinc white, hthophone, white lead 
The latter darkens in air Yellow— Chrome yellow, yellow ochre, gamboge For bright tints 
use chrome yellow (lead chromates) For dull tints use yellow ochre Brown — Burnt umber 
4- scarlet lake ; burnt sienna alone or with scarlet lake Avoid heavy colours See Pigments, 
P 497 

For Copperplate printing and lithographing thicker ink is used, which 
IS mixed with a denser black than that used in ordinary printing The varnishes, 
made with utmost care from linseed oil thickened by extremely high temperatures 

Modern recipes not published Old recipes are — (l) wax, 18, shellac, 14; rosin, 7, tallow, 
10; soap, 18 Fuse and incorporate 6 of lampblack and 2 of rubber dissolved in 5 of oil of 
turpentine. (2) Shellac, 12 ; mastic, 8 , turpentine, i Melt, and add 16 wax and 6 tallow, mix 
well and incorporate 4 of lampblack For an auto^aphic mk, melt white wax, 8 ; white soap, 
2 5 ; incorporate i of lampblack, heat strongly and mix in 2 of shellac Heat again 

The author desires to thank Mr J W Barker, A.RCS, BSc (H M Patent 
Office), for looking through the MS of inks and giving me many suggestions Also 
Mr Frank B. Gatehouse, of Messrs Roneo, Ltd , for supplying some details of 
hectographic and copying inks 

Statistics — ^The United States imported /nJi and /nA powders to the value of $75,000 m 1906, 


and $44,000 in 1910 The figures for 1910 are — 

Printers’ ink - - - - • $4,787 

Wnting and coping mk - - - - I9»4i6 

All other, including ink powders - - 20,162 

The United States exported (principally to England, Canada, and Mexico) .— 

1906 1910 

Printers* mk - - $275,000 $326,000, 

All other - • • 174,00a 192,86s. 


The Bntish import of printers* mk in 1913 was £23,000 In 1907 Great Britain made ;fS36,ooo 
of printers* ink and ;^69,ooo of other inks (writing, endorsing, marking, etc ) 
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THE PAINT AND PIGMENT 
INDUSTRY 

By J. Newton Friend, D.Sc, PhD. 

LITERATURE 

For a more complete account of the pigments in common use the reader msw be referred to “ An 
Introduction to the Chemistry of Paints ’ by J Newton Friend (Longmans & Co , 1910) Also the 
following — 

Zerr and Rubenkamp — ** A Treatise on Colour Manufacture ” Griffin & Co , 1908. 

Hurst — “ Painters* Colours, Oils, and Varnishes.** Griffin & Co., 1906 

Eibner — “ Malmatenalkunde ** Berlin, 1909 

Gentele — “ Farbenfiibriken ** Brunswick, 1906 

Toch — “ Chemistry and Technology of Mixed Paints ** 1907 

Church — “ Chemistry of Paints and Painting ** Seeley & Co , 1901 

Wright — Simple Methods of Testing Painters* Materials ** Scott, Greenwood, 8c Son, 

1903 

Laurie — ** Materials of the Painters* Craft ’* Fouhs, 1910 
Jennings — “ Paint and Colour Mixing ’* Spon Ltd , 1906. 

Holley — ** Lead and Zinc Pigments ** Chapman & Hall, 1909. 

PIGMENTS 

The Chemistry of Pigments is a study of supreme importance — a fact which 
painters and manufacturers have only recently begun to appreciate In the present 
section the limitation of space prevents our doing anything like full justice to the 
subject, but an attempt is made to lay before the reader the main outlines in 
question , for further detail reference should be made to the works cited above 

Pigments may be classified according to several different schemes Thus, for 
example, the painter groups his pigments from the point of view of colour The 
chemist, on the other hand, considers their chemical composition Here, again, 
two methods are possible We may group the pigments according to the chemical 
nature of their bases, or of their acid content. Neither system is perfect, but we 
shall adopt the former in these pages 

Pigments Containing Lead 

White Lead — One of the oldest and most important pigments belongmg to 
this group is white lead or lead carbonate It was known to the Romans and 
Greeks at the beginning of the Christian era, the pigment being obtained from the 
mineral cerussite, m which form lead carbonate occurs in nature The modern 
painter, however, employs the artificial product only Although numerous methods 
have been invented and patented for the manufacture of white lead, the best results 
are apparently yielded by the old DuUA Process, which we will therefore describe 
first 

Several thousand earthenware pots are about one-third filled with a 2-3 per cent, 
solution of acetic acid, and are built up into stacks inside large sheds specially built 
for the purpose. The method of workmg is as follows • The floor of the shed is 
spread with spent tan, and upon this a layer of crucibles is set, and covered with 
perforated sheets of lead, known as “ blue lead.” Wooden boards are now laid on 
the top, and these in turn are covered with tan, carrying another layer of pots, and 
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SO on, until the numerous layers have completely filled the sheds The whole is 
now left alone for a period varying from three to four months, according to circum 
stances During this time the tan ferments, and the heat thus liberated serves 
to vaporise the acetic acid in the pots. The leaden sheets are thereby converted 
by degrees into lead acetate, which m turn is decomposed by the water vapour and 
carbon dioxide (evolved from the decaying tan) yielding lead carbonate. On opening 
the stack the sheets are scraped, and after washing and crushing (which flattens out 
any unchanged blue lead, and renders it easy to separate) the pigment is ready for 
the market. 

According to Liebig the following successive changes take place — 

1 Pb + aCHjCOOH = PbfCHs COO)a + 

2 aPbfCH, COO)a + aHgO = Pb{CH3.COOb Pb(OH)a + 2CH3COOH. 

Basic lead acetate 

3. 3Pb(CH^ COO)a Pb(OH)a -f 400 ^ a 2(2PbC03, PbfOH),) + 6CH,COOH 

Basic lead acetate White lead Acetic acid 

The acetic acid liberated then attacks more lead, thus repeating the cycle of operations According 
to more recent views no hydrogen is evolved (see i ), the acetic acid merely serving to dissolve lead 
hydroxide formed by the action of air and moisture on metallic lead, thus — 

1 Pb + HaO + O = Pb( 0 H )2 

2 Pb(OH)2 + 2CH3COOH = PbfCHsCOOla + 2HaO 

The lead acetate then combines with the lead hydroxide, forming basic lead acetate — 

PbCCHj COO)a + 2Pb(OH)2 = Pb(CHs COOlg, 2 Pb( 0 H)i, 

Basic lead acetate 

which is than decomposed by the CO2, producing white lead according to the equation (3) above 

The following processes for the manufacture of white lead are important — 

The German or Chamber Process^ said to be rapidly displacing the other processes, 
IS carried out by suspending 6-20 tons of pure lead in the form of sheets or grids 
from the roof of a senes of chambers provided with flues whereby the admission of 
air can be regulated Vinegar vapour, evolved from pans which are placed below 
the chamber and in which dilute vinegar is heated, is led into the chamber, 
together with a carefully regulated supply of aqueous vapour, air, and carbon 
dioxide — the latter being produced by burning charcoal or coke in stoves — and the 
temperature of the chambers is maintained at 6o*-8o* C for eight to ten weeks, 
when the lead plates are converted into white lead The quality of the product is 
good, and stated to be equal to the best white lead prepared by the old Dutch 
method 

In the Cltchy or French Process^ lead monoxide (litharge) is dissolved in 
vinegar to form basic acetate (i molecule of acid dissolving 3 molecules of PbO), 
then COj is passed through the clear solution for about twelve hours , most of the 
lead IS precipitated as carbonate, but part remains dissolved as neutral lead acetate 
The precipitate of “ white lead ” is filtered off, more PbO is dissolved m the clear 
filtrate, COj again led in to precipitate it, and so on The great advantage of thu 
method is its quickness. The product, however, is variable in quality and inferior ta 
that of either of the processes mentioned above 

Brownes Electrolytic Process, — A solution of sodium nitrate containing about 
I lb of the salt to the gallon is placed in a series of wooden cells, each of which is 
provided with a porous partition. A strong electnc current is passed through the 
solution, a pig lead forming the anode m each cell, and a sheet of copper the 
cathode Nitric acid is liberated at the anode, and attacking the lead forms lead 
nitrate, which passes into solution. Sodium hydroxide is formed at the cathode it 
has no effect on the copper plate. The two solutions are drawn off separately and 
mixed in quantitative proportions, when they react to form lead hydroxide and sodium 
nitrate thus : — 

Pb(NO,)a + 2NaOH =s Pb(OH)a + 2 NaN 0 a 
The sodium nitrate is used again as a source of nitnc acid and sodium hydroxide, 
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and the lead hydroxide is treated with a solution of sodium bicarbonate with the 
formation of white lead and sodium hydroxide, thus — 

3Pb(OH)a + 2 HNaCO, =a aPbCOj, Pb(OH)a + aNaOH + aHgO 

The white lead is separated from the sodium hydroxide and carbon dioxide 
passed through the latter, thus converting it into sodium bicarbonate for further use^ 

This IS an extremely rapid method of making white lead The product is highly 
amorphous in character, and is said to be equal to the best white lead produced by 
the Dutch method 

Properties of White Lead — White lead mixes extremely well with oil, 
and possesses unusually good body, spreading power, and durability There are, 
however, two serious drawbacks to its use, namely, the tendency to blacken in the 
presence of sulphur compounds, and its extremely poisonous nature When worked 
in oil white lead loses, m the course of a few months, a little of its opacity, a 
peculiarity which is probably due to the oil combining with the pigment to form 
a translucent lead soap 

White lead varies somewhat in composition and character It should, however, 
have the composition aPbCOg, Pb(OH)2 — that of the best white lead produced by 
the Dutch method — and any departure from this leads to a loss of body if the 
'’Pb(OH)2 be m excess, and to inability to form a proper emulsion with linseed oil 
if the PbCOg be in excess 

The cheaper grades of white lead are adulterated, often to a very large extent, and sometimes 
contain no lead carbonate at all The most usual adulterant is barytes — barium sulphate — others 
commonly used are lead sulphate, china clay, and whitmg— impure calcium carbonate — and sometimes 
strontium or barium carbonate, magnesite — magnesium carbonate — and zinc oxide, etc , may be 
S>und 

Red Lead rivals even white lead m age and importance It is found in nature 
as the mineral minium, but, as in the case of white lead, the modern painter uses 
the manufactured article only 

This is prepared by heating metallic or “ blue lead in a current of air, whereby 
lead monoxide is formed This is removed and ground, any particles of unoxidised 
metal being thereby flattened out, and thus easily removed by means of sieves 
On further heating in excess of air for forty-eight hours the monoxide combines with 
more oxygen and yields triplumbic tetroxide (Pb804), commonly known as red lead 
These changes may be represented by the following equations — 

6 Pb + 3 O 3 = 6 PbO 
6 PbO + 02 = aPbjO* 

In practice 100 lbs of blue lead yield about 108 lbs of red lead 

Properties of Red Lead — Red lead mixes readily with the drying oils and 
rapidly sets, and on this account is largely used by plumbers for packing and luting 
pipes, etc. Although very permanent and inert in all ordinary circumstances it is 
subject to the same defect as white lead, namely, that it blackens in the presence 
of sulphur or sulphur-containing bodies. It cannot, therefore, be safely mixed with 
such pigments as lithopone and ultramarine. Occasionally it is adulterated with 
Venetian red (FcgOj), the presence of which is easily detected m the following 
manner : — 

The pigment is subjected to prolonged warming with concentrated nitric acid 
If any insoluble residue remains, the presence of silica or sand is to be suspected 
If the solution is yellow, the presence of iron may be inferred Addition of excess 
of dilute sulphuric acid will cause the precipitation of white lead sulphate, the iron 
still remaining in solution On filtering and adding to the filtrate a few drops of 
potassium ferrocyanide the presence of iron is betrayed by the immediate production 
of a deep blue colour — Prussian blue 
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Lead sulphate forms the basis of a large number of pigments known variously 
as non>poisonous white lead, patent white lead, sublimed white lead, and 
the like Although lead sulphate occurs in nature as the minerals an^lesite 
and lanarktte, these latter are seldom used for the production of the pigment 
Manufacturers prepare it by the addition of dilute sulphuric acid to the strong 
aqueous solution of lead acetate obtained by treating granulated lead with acetic acid 
Thus — 

PbCCaHjOala + HaS 04 = PbS 04 + 

The acetic acid thus liberated is used over again in the production of fresh lead 
acetate The precipitated sulphate is allowed to settle, after which it is washed 
and dried 

Although less poisonous than lead carbonate, lead sulphate has never been as 
great a favourite amongst painters because its body and spreading power are infenor. 
It IS less sensitive to the action of sulphur than white lead, but it is not advisable 
to mix it with such pigments as ultramanne and lithopone for obvious reasons. 

A basic lead sulphate is being manufactured at Greenford under the name of 
Purex direct from galena or lead sulphide, by combustion in a current of air, 
whereby oxidation takes place The resulting compound varies in composition 
between the limits 2PbS04 3PbS04 PbO. It is claimed to be practically 

non-poisonous (see The Decorator^ 1911, 9, 251) 

Owing to the particular method of preparation — namely, production in the 
vapour state, and subsequent deposition as a solid without the intermediate 
formation of a liquid — the pigmentary particles are unusually fine, and thus admit 
of thorough admixture with oil in preparing paints This results in the production 
of paint of exceptional spreading power, but somewhat lacking m body or opacity 
In many cases this is not a matter of importance, but for those cases in which 
opacity is essential the manufacturers recommend a special brand of their Purex in 
which this objection has been overcome. 

Turner’s yellow is an oxychloride of lead, and appears in the market under 
many names, such as Patent yellow, Cassel yellow, Verona yellow, 
Montpelier yellow. Mineral yellow, etc It is usually prepared by mixing 
litharge to a thin paste with a solution of common salt, when the following reaction 
takes place — 

PbO + 2NaCl + H 2 O = PbCla + 2NaOH. 

In about twenty-four hours’ time the reaction is fairly complete, the mixture becoming 
white in consequence of the lead chloride. It is dned, transferred to a crucible and 
heated to melting until the desired hue has developed. 

Turner’s yellow possesses good body and mixes well with the drying oils. Of 
late years, however, it has decreased m populanty m consequence of the extensive 
rise of the chromes 

Chrome yellow or lead chromate is prepared by the addition of potassium 
bichromate to solutions of lead acetate (see p 559) Thus — 

X2Cr207 + 2Pb(C2Hj02)2 * 2X(C2H302) + 2PbCr04 + 2 H C2H302* 

Slight vanations in the method of manufacture cause marked differences in the 
hue of the resulting product Warming with an alkali converts it into the basic 
chromate, which is orange or red according to circumstances It is then known 
as Orange chrome, Chrome red, Derby red, Chinese red, etc. All of 
these pigments, however, are subject to the general fault of lead compounds, m that 
they are rapidly discoloured m the presence of sulphur or of sulphur compounds. 

Pigments Containing Iron and Cobalt 

Some of our commonest and most permanent and useful pigments are compounds 
of iron. 
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Ochre, Sienna, Umber. — These pigments consist of the hydrated oxide of 
iron, in the case of sienna and umber a little manganese being present in addition, 
which probably explams their darker colour. Umber was first found near the 
ancient Italian town of Ombtta^ now known as Spoleto^ whence its name, the best 
umbers, however, hail from Cyprus but are known in the trade as Turkey umbers 
since they were originally shipped from Constantinople, their real source being at 
the time unknown. Sienna was likewise first found near an Italian town beanng 
the same name. Both ochres and umbers are found in this country — Cornwall, 
Derbyshire, and Oxfordshire — in Wales, Italy, France, Australia, and the New 
World. 

The methods of preparing these natural deposits for the use of the painter vary 
somewhat according to their source The ochres are first ground if they are hard, 
but this process is omitted if they are soft They are then levigated, or mixed with 
water and allowed to settle in large tanks The coarser particles obviously fall to 
the bottom first, and if the supernatant liquid is poured off, and again allowed 
to settle, the sediment will this time be considerably finer Repetition of this 
process for some four or five times will clearly yield a pigment of very varying 
grades of quality It is usually found that the depth of colour of the ochre varies 
considerably according to the degree of fineness, the finest ochres being the palest 
The sediment obtained in this way contains about 50 per cent of water and is dried 
by the aid of gentle heat If the temperature is allowed to rise too high the ochres 
develop a ruddy hue owing to their partial conversion into the anhydrous oxide, 
known as rouge or red oxide 

Umber is frequently sent into the market direct from the mine without any 
treatment It is then known as ordinary “raw umber” If it is first levigated it 
IS styled “ powdered raw umber ” Sienna is not usually levigated, but it may be 
ground if necessary These pigments are very inert from a chemical point of view, 
and are therefore charactensed by their durability and permanence Somewhat 
similar pigments to the above are Vandyke brown and Cappagh brown 
The former received its name m honour of the great painter who is known to have 
been particularly attached to the liberal use of browns, whereas the latter is from 
the district in Cork, Ireland, where it is mined Vandyke brown contains a fairly 
high percentage of organic matter, and is greatly prized on account of its trans- 
parency, which enables it to be painted over the surface of other pigments, producing 
beautiful tones According to Church {qv^ p 206) Cappagh brown contains 
approximately 27 per cent of manganese oxide 

Rouge. — Mention has already been made of the fact that, if the ochres are 
overheated during the drying process, they are converted more or less completely 
into rouge, the anhydrous oxide of iron, FegOg, owing to the expulsion of the 
combined water of hydration This is one of the methods by which the various 
red iron oxide pigments are prepared The ochre is heated in specially constructed 
furnaces for varying lengths of time or at different temperatures according to the 
particular depth of colour required. The resultmg products are known variously 
as Indian red, Venetian red, Red oxide. Rouge, etc In a similar manner 
sienna and umber yield Burnt sienna and Burnt umber 

The anhydrous oxides of iron are also prepared by calcining ferrous sulphate 
or copperas, FeS04 yHgO, obtained by the atmospheric oxidation of iron pyrites 
(FeSg) in the presence of moisture and scrap iron The changes taking place during 
the weathering may be represented as follows — 

FeSa + Fc + 40, 4 * 14H2O = 2FeS04 7H2O, 
and during calcmation — 

2FeS047H20 = FcaOj + + SO 2 + SOj. 

A third method of preparing the anhydrous oxides of iron is afforded by the 
fact that in many manufacturing processes large quantities of iron salts are produced 
as waste products From these the brown hydrated feme oxide is precipitated by 



50 ^ 


INDUSTRIAL CHEMISTRY 


the addition of alkali (soda, ammonia, or lime) and heated to redness !n crucibles 
in a similar manner to the ochres 

These red oxides are very valuable pigments, being characterised by their mert- 
ness and permanence. They do not mix so well with oil as red lead, neither do 
they act as dners They are particularly valuable in the preparation of paints for 
the coating of iron work and the like The Maori use a variety of rouge for 
decorative purposes under the name of Kokowat 

Terre verte is a green earthv pigment found m the Mendip Hills, and in 
several other European countries It consists essentially of silica and oxide of iron, 
small quantities of other oxides being usually present as well, together with from 
6-8 per cent, of water 

Siderin yellow is a basic chromate of iron, and finds a limited application 
as a water colour It is prepared by heating solutions of ferric chloride and potassium 
bichromate. 

Prussian blue (p 559), known to the chemist as ferric ferrocyanide, 
Fe4(FeCgNg)8, was discovered accidentally by Diesbach, a German colour manu- 
facturer, in 1710. It is characterised by its intense colour, a single pound of it suffic- 
ing to give a perceptible tinge to over 600 lbs of white lead It is prepared by adding 
potassium ferrocyanide (yellow prussiate of potash) to a ferrous salt which has been 
oxidised to the ferric condition with bleaching powder Obtained in this way the pig- 
ment IS known as Chinese blue Commoner makes enter the market as Prussian 
blue, Berlin blue, Paste blue, etc, and ordinary alum is one of the ingredients 
used in their preparation In manufacturing Antwerp blue both alum and zinc 
sulphate are employed Brunswick blue is an admixture of Prussian blue with 
barytes and silica or some other insoluble white pigment The great drawback to 
the use of this composition is the tendency exhibited by the heavy barytes to settle 
to the bottom, the blue remaining suspended in the supernatant oil 

Prussian blue is unusually difficult to grind in a drying oil owing to a curious 
tendency to ‘‘ leather or “ liver,” that is, to set up to the consistency of leather 
This difficulty is usually overcome by paint grinders by the use of special mixtures 
or blends of oil in which this peculiarity is shown to a minimum extent Being 
insoluble in dilute mineral acids, Prussian blue is very permanent in certain acid 
atmospheres Alkalis, however, readily decompose it, forming red ferric hydroxide 
Warming with oxalic acid solution effects its solution, the resulting liquid being used 
extensively at one time as an ink More recently, however, aniline d) es have tended 
to replace this older product When used as a water paint, Prussian blue fades 
slowly on exposure to light, but the colour returns to its original intensity after 
prolonged darkness Owing to its intense staining properties, Prussian blue is 
seldom used alone Mixed with barytes and chrome yellow the so-called Chrome 
greens or New Brunswick greens are produced, which possess good body 
and colouring power, and work well both in oil and in water When the chrome 
yellow m these pigments is replaced by zinc chrome, the so-called Zinc greens 
are produced These are very popular on account of their relatively low cost and 
their brightness An astonishing variety of hues, tints, and shades can be produced 
by suitaWy adjusting the proportions of their several constituents, which is a great 
advantage Zinc greens are more apt to run ” or “ blue ” than the chrome greens, 
and they possess a slightly infenor body On the other hand they are more 
permanent, smce zinc chromate itself is more stable than chrome yellow 

Armour-scale Paints form a numerous and very variable class of grey paints They all consist 
mainl) of micaceous iron ore, generally admixed with the common red oxide of iron and gangue, and 
more or less graphite There should he no rosin, rosm-oil, driers, or turpentine present The 
colour of these ^ints is very variable, though it is generally some shade of grey The specific 
gravity also varies considerably , it is, however, higher than that of graphite or silica graphite paints, 
and lower than that of most other paints. 
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Smalt IS a potash glass containing oxide of cobalt instead of lime It is pre« 
pared by mixing zaffre (the technical name for cobalt oxide) with powdered quartz 
and potassium carbonate, and subjecting to a white heat in clay crucibles On 
throwing the fused mass into water, disintegration into small angular pieces takes 
place. These are ground, levigated, and dried Although very permanent, the 
colouring power of smalt is weak This defect, together with its cost, has decreased 
Its populanty amongst painters of late years 

Cobalt blue is prepared by heating to redness the precipitated oxides of cobalt 
and aluminium, and is used largely by w^ater-colour artists Its extreme permanence 
and resistance to the attacks of acids and alkalis have caused it to be used for 
superior decorative purposes 

Cobalt g^reen is similar to cobalt blue, zinc oxide taking the place of alumina 
It IS also known as Rinmann’s green and Zinc green, but its use is limited 
owing to Its cost 


Pigments Containing Copper 

With the exception of copper chromate, the copper pigments are possessed of a 
green or blue colour, and ^^ere for many years highly prized They are not very 
permanent, however, and are all blackened by sulphuretted hydrogen, owing to the 
formation of black copper sulphide CuS, which renders their use subject to the same 
limitations as the lead pigments Moreover, many of the pigments are blackened 
by heat owing to their decomposition to black copper oxide 

One of the most interesting of the copper pigments is the basic acetate, popularly 
styled Verdigns, and which is manufactured in several ways The old French 
method consists in exposing scrap copper to the action of grape skins discarded 
from the vineries These skins, on fermenting, produce acetic acid which attacks 
the copper, converting it into the acetate After two or three weeks sufficient 
verdigns has formed to be worth scraping off The greenish blue colour of 
verdigris is familiar to all In oil it is usually more permanent* than in water 
When strongly heated, black copper oxide results, so that due care must be 
exercised in drying the pigment It dissolves readily m dilute acids without 
effervescence Should an evolution of gas occur, the presence of some carbonate 
impurity is to be suspected If a white residue remains, barytes, silica, etc , are 
probably present Should the residue be blue, the probability is that Prussian blue 
IS present , confirmation is afforded if the mass becomes brown on addition of 
caustic soda (see Prussian blue, above) 

Lime blue is essentially a mixture of calcium sulphate and copper hydroxide, 
and is prepared by adding milk of lime to a solution of copper sulphate containing 
excess of ammonia Some years ago, before ultramarine could be prepared in a 
cheap way artificially, lime blue was in great demand for frescoes and colour wash- 
ing In common with all copper and lead pigments, however, it is discoloured by 
contact with sulphur, and may not, therefore, be mixed with such bodies as 
cadmium yellow, ultramarine, and the like 

Scheele^S green is now antiquated, and rightly so, on account of its poisonous 
properties, being a compound of the oxides of copper and arsenic Emerald 
green is an aceto-arsenite of copper, and may be prepared by mixing equal 
quantities of white arsenic and verdigns with water, and allowing to stand Other 
names for this pigment are Paris green and Schweinfurth green. 

A basic carbonate of copper is found as the mineral malachite, CuCOg Cu(HO)5|, 
in Cornwall, Yorkshire, and other parts of Great Britain \\hen finely ground it 
is used as a pigment under the names of Mineral or Mountain green Azunte 
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is another basic carbonate of copper to which the formula 2CuC08 Cu(H 0 )j is 
usually given. This yields the Mountain blue of the painter. 

Bremen blue is an artificial product obtained by intimately mixing copper 
carbonate with an excess of copper hydroxide Blue verditer is a basic carbonate 
of copper, prepared by mixing together solutions of copper sulphate and sodium 
carbonate It is used by water-colour artists to a limited extent, but is not very 
permanent. The so-called “ Refiners^ Blue Verditer is just the same thing, but 
has been prepared from copper solutions obtained in the refining of silver and gold 
-hence its name 

Old Brunswick screen was, strictly speaking, a basic chloride of copper, now 
rarely manufactured The term, however, is misleading, both Emerald green and 
Bremen blue being known by this name as well 

Copper cfiromate is a brownish red pigment prepared by the action of 
potassium chromate upon a soluble copper salt. It is seldom used 


Pigments Containing Aluminium 

Metallic aluminium, usually mixed with zinc, in the form of a fine powder is 
frequently used as a pigment for painting iron work, and widely divergent opinions 
are held as to its value 


China clay or Kaolin is a silicate of aluminium to which the formula 
AI2O3 2S1O22H2O is given, and is formed in nature by the weathering of felspar, 
Itself a decomposition product of granite It is found m Cornwall and receives 
extensive application in the manufacture of “ china ” — whence its name * It is used 
largely in distemper work, and owing to its cheapness is rarely adulterated As an 
oil pigment it is a failure, since it loses much of its body when mixed with oil 

The only ofher pigment belonging to this group is Ultramarine, which has 
for centuries enjoyed a world-wide reputation amongst painters Originally it was 
obtained from the rare mineral “ lapis lazuli,” the sapphire of the ancients, which 
is found in small quantities m Persia, China, Siberia, and South America The 
price, however, was prohibitive, the pigment being listed at eighty shillings per ounce 
a century ago At the present time ultramarine is manufactured in two ways, 
designated as the Direct and the Indirect methods respectively 


a. The Direct Method . — A finely ground mixture of — 

Kaolin ...... 

Sodium carbonate 

Sulphur - .... 

Charcoal . - . r . . 


315 

28 

34 5 
6 


100 


is heated for several hours at a bnght red temperature On cooling the burnt mass 
is removed, ground, and levigated The finer qualities are used in different kinds 
of pnnting, the coarser being reserved for the painter 


b The Indirect Method is conducted in two stages, comprising calcination and 
colouring.” The actual constituents of the mixture to be calcined depends upon 


* White pottefv %iras imported from China before kaolin was known to occur in the British Isles, 
and was called **cnina” in consequence When kaolin was discovered in Qornwall and was used 

for making similar white pottery it received the name China clay 
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the native of the product required. Thu*, for sulphate ultramanne the followine 
mixture is used . * — ^ 


Kaolin 

Sodium sulphate 
Coal 

Sodium carbonate 

Sulphur 

Rosm 


For soda ultramanne rich m silica . — 

Kaolin .... 

Silica 

Sodium carbonate - 

Sulphur - . . 

Coal - . 

Rosin .... 


L II. III. 

50 47 26 

41. 5 19 5 57 

858 


• 9 

xoo 100 100 


I. II 
33 o 33 3 

36*5 30 

22 5 33 3 

4-5 I 3 


For soda ultramarine poor in silica 

Kaolin .... 

Sodium carbonate - 

Coal 

Sulphur .... 


100 


3^5 

365 

4 5 

22 5 


100 


One or other of these mixtures is heated for from seven to ten hours in a 
furnace, after which it is washed and ground as finely as possible to assist m the 
extraction of all the soluble matter This product is known as Green ultra- 
marine, and is used by water-paint manufacturers, constituting Lime green In 
order to convert this green product into blue ultramarine, it is heated again, this 
time with sulphur. On cooling and grinding the pigment is ready for the market. 

What the chemical changes may be which take place during these operations is 
very uncertain, and until they are understood better we can scarcely hope to discover 
a more satisfactory method of preparing the pigment 

As a pigment ultramarine is fairly stable, particularly so in contact with alkali, 
and thus forms a marked contrast to Prussian blue It is, therefore, used largely 
in the colouring of distempers, etc , for which Prussian blue is obviously unsuited 
Acid soon attacks it, however, liberating sulphuretted hydrogen For this reason, 
pigments containing lead or copper may not be safely mixed with ultramarine, as 
darkening is sure to occur 


Pigments Containing Carbon 

Carbon is largely used as a pigment owing to its remarkable permanence and 
inertness Carbon black or Charcoal black is made by heating wood in closed 
retorts to a high temperature, the resulting mass bemg ground and washed. Frank- 
furt or Drop black is prepared similarly from vine twigs, bones, ivory, etc The 
ground carbonised product is mixed with glue water and sent into the market in the 
form of tears or drops — whence the name, “ drop ” black Ivory black should be 
made only from ivory cuttings, but the pure pigment is rare, owing to the high cost 
of ivory. Animal black is prepared by carbonising all kinds of animal matter 
(leather, horn, hoofs, skin, etc etc ), and its composition is in consequence subject 
to variation In the preparation of Bone black, animal bones alone are supposed 
to be used. 


* See p. 78, ** Introduction to the Chemistry of Paints,” by J Newton Friend (Longmans & Co., 

19x0). 


36 




506 


INDUSTRIAL CHEMISTRY 


Lampblack contains the highest proportion of pure carbon, and is a valued 
pigment In order to prepare it heavy oils are heated in a pan, and afterwards 
Ignited in a limited supply of air The soot is collected in suitable chambers 
divided into senes of compartments by partitions, and at regular intervals workmen 
enter the chambers and scrape away the pigment. A yield of 30 per cent, is regarded 
as satisfactory A variety of lampblack bound with size and containing small 
quantities of camphor, musk, and possibly sepia, is known as Indian ink. The 
method of manufacture, however, is kept secret. 

A complete analysis of the carbon blacks would be very difficult to effect, and 
is seldom required. The free water is usually estimated by "heating a portion of the 
pigment m a steam oven (or hot-air o\en at no® C.) until constant m weight. The 
residue is ignited m a crucible until only a whitish ash remains, and the percentage 
of volatile carbonaceous matter and non-volatile ash calculated from the results 
Such an analysis is sufficient for most purposes 

Graphite paints are chiefly used for the protection of iron and steel structures. 
They are usually of a grey colour, but are sometimes toned up by red lead, iron 
oxide, or other highly coloured pigments, thus giving red, brown, or green shades. 
These pamts may be divided into graphite, silica-graphite, and armour-scale paints. 

Graphite pamts are generally made from naturally occurring graphite ores con- 
taining iron oxide, alumina, silica, etc , the percentage of graphite varying from about 
25-45 per cent. They are heated to expel the water which is always present to 
a small amount and then finely ground They are then ready for use 

An artificially prepared ^aphite has recently been introduced under the name of ‘‘Acheson 
graphite ” This is prepared by heating anthracite coal and sand for several hours in an electric 
furnace The silica (sand) is first reduced to silicon, which then unites with excess carbon to form 
silicon carbide or carborundum. Thus — 

S1O2 + 3C = SiC + 2CO. 

As the temperature is raised the silicon carbide dissociates, the silicon volatilising and leaving 
the carbon behind in the form of graphite Thus — 

SiC = Si 4 C 

The advantage of this process is that the graphite obtained is exceptionally pure, since at the 
temperature of its formation all impurities volatilise The product is broken up and graded 
That used for the manufacture of paint is ground to an extremely fine powder, and air floated for 
collection 

Graphite paints have a soft grey tint — when left of the original colour — and are of very low 
specific gravity They are readily adulterated-— especially by means of steatite — and are sometimes 
found to contain no graphite at all 

Silica-graphite paints vary greatly in composition. They should consist of a mixture of graphite 
and silica, but are frequently adulterated with steatite, barytes, furnace slag, red lead, iron oxide, 
etc., m the same manner as graphite paints These paints closely resemble graphite pamts in colour 
and specific gravity 


Pigments Containing Barium, Strontium, Calcium, and 

Magnesium 

One of the most important of these is Barium sulphate, known vanously 
as barytes and permanent white It is characterised by its extreme insolu- 
bility in all the ordinary reagents, acids and alkalis having no effect upon it. It 
may easily be prepared by adding dilute sulphunc acid to solutions of any soluble 
banum salt. Barium sulphate occurs m nature as the mineral barytes or heavy 
spar These are crushed and washed in the usual way As iron compounds are 
not infrequently present, the crushed ore isusually treated with acid which dissolves 
out the iron, but leaves the barytes unattacked Barytes possesses inferior body to 
white lead, but it mixes well with oil. A particle of the substance held on the end 
of a platmum wire, moistened with strong hydrochloric acid and introduced mto the 
tip of a Bunsen fl^e, imparts to the latter a charactenstic yellowish green hue. By 
means of this test the presence of barium salts may readily be detected. 
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Culcium sulphate is used as a pigment under the names of Terra alba, 
Mineral white, etc As Gypsum it occurs m many parts of England, and this, 
when ground, yields a very durable and useful pigment Mixed with hydrated 
aluminium oxide, the so-called Satin white is produced, which possesses superior 
body Calcium salts impart a red colour to the Bunsen dame. Strontium 
sulphate is very similar to gypsum, and is occasionally used as a pigment under 
the name of Strontian white 

Barium chromate, variously known as Barium chrome, Lemon chrome, 
and Yellow ultramarine, is prepared by acting upon a soluble barium salt with 
potassium chromate Thus — 

K 2 Cr 04 + BaClj = 2 KCI + BaCr 04 

Potassium bichromate cannot be used, otherwise the barium salt is kept in solution 
by the free acid, thus — 

KgCraO; + aBaClj + HgO = 2 KCI + 2 BaCr 04 + 2 HCI 

Barium chrome has a pale yellow colour, which is very permanent It is not 
often used as a pigment, however, being too pale for most purposes, and lacking in 
body 

Calcium carbonate is better known to the painter as Whiting, English 
white, Spanish white, and Paris white It is seldom used as an oil colour, 
partly because it assumes a dirty grey shade, but principally because its lightness 
and porosity cause it to absorb so much oil that its opacity is almost lost Mixed 
with linseed oil it yields putty Gilders’ whiting is simply a superior quality of 
whiting Magnesite, the carbonate of magnesium, is occasionally used as a 
pigment. 


Pigments Containing Zinc and Cadmium 

Zinc oxide is now being used by painters with increasing favour under the 
names of Zinc white and Chinese white It is manufactured from metallic zinc, 
which is thrown into white-hot retorts made of fireclay The vapours issuing from 
the mouth of the retorts are caught in a current of air and bum with a smoky flame, 
the fumes being collected in special chambers and used direct as a pigment A 
similar method is in use for the preparation of zinc oxide direct from the ore without 
necessitating the isolation of metallic zmc, which is a costly process It is stated 
that 85,000 tons of the pigment, containing over 98 per cent of zinc oxide, are now 
being manufactured in the U S A. in this way 

’^^en of good quality, zinc white is very pure, fine, and easily worked Being 
quite insoluble in oily water and turpentine, it is gradually replacing white lead for 
m^y purposes, for it is not so poisonous, and is permanent in the presence of fumes 
and pigments containing sulphur, in which circumstances white lead is rapidly 
discoloured Owing to its cost, zinc oxide is liable to adulteration. Any impurities 
however, are readily detected. The pigment is warmed with dilute sulphuric acid. 
If pure it should dissolve completely to a colourless solution without ejfervescence 
This IS perfectly charactenstic. If effervescence occurs the presence of a carbonate 
IS to be suspected Should an insoluble residue be left, the presence of silica is to 
be inferred or some compound of banum, calcium, or lead, which was either 
present as the insoluble sulphate, or has been converted into such by the sulphunc 
acid added 

Zinc chromate. Zinc chrome, or Citron yellow is prepared by precipita- 
tion from solutions of its soluble salts with potassium chromate Thus — 

ZnS 04 + K 2 Cr 04 ss ZnCrOi •+* KjjS 04 

The solutions must be neutral, and potassium bichromate cannot be used for 
the same reason as in the preparation of oanum chrome {q v ). 
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Zinc chrome is used very largely in the manufacture of zmc greens {j)tde supra) 
Since zinc sulphide is white and not black, zinc chrome is not senously discoloured 
by contact with pigments containing sulphur, and in this respect is superior to the 
corresponding lead chromate — chrome yellow (qv,) It is frequently adulterated 
with lead chromate, the presence of which may readily be detected by the black 
colour produced on addition of water containing sulphuretted hydrogen 

Zinc sulphide is rarely used as a pigment alone, but mixed with barium 
sulphate the well-known Lithopbone or Lithopone is produced This is used 
solely as an oil colour, and seems to be regarded with considerable favour by 
painters generally. Lithopone turns grey in sunlight, and so is unfitted for painting 
exteriors 

Cadmium sulphide appears m the market as Cadmium yellow, and iVhen 
pure is a most permanent pigment It is not often adulterated Admixed with 
white lead, the so-called “ bnlhant yellow ” is produced This combination is very 
unsatisfactory, however, for the white lead gradually discolours owing to the forma- 
tion of black lead sulphide 

Pigments Containing Chromium and Manganese 

The only compound of chromium which it behoves us to consider in this section 
IS the oxide CrgOg known variously as Chrome green and Guignet’s green 
Of these terms the latter is the better, as the former is frequently used for designating 
the greens produced by mixing lead chromate and Prussian blue {qv) Guignet’s 
green is usually prepared by fusing a mixture of bone acid and potassium bichromate 
On cooling, the mass is washed and ground, yielding an extremely permanent and 
very beautiful pigment 

Manganese dioxide occurs in nature as Pyrolusite, and is occasionally 
used as a black pigment under the name of Manganese black Owing to its 
expense, relatively to the carbon blacks, and its powerful drying properties, its use 
as a pigment is greatly curtailed 


Pigments Containing Arsenic and Antimony 

Arsenic sulphide or King's yellow occurs free in nature as the mineral 
Orpiment, the “ aun pigmentum ” of the Romans — whence its name Owing to 
Its poisonous properties it is not now held in great favour Antimony sulphide 
or Antimony vermilion is very similar in its properties, but these two pigments 
have been largely superseded by the chromes 


Pigments Containing Mercury 

The only pigment belonging to this group that demands our attention is 
Vermilion or mercury sulphide, which has been regarded with great favour from 
very early times The Egyptians are known to have used it 400 years b c , and 
It was greatly prized by the Greeks and the Romans In those times, however, 
the pigment was obtained by grinding the mineral cinnabar, which occurs in Chin^ 
Japan, Austria, Spain, and the New World At the present time, vermilion is 
prepared exclusively from the artificial product 

One of the earliest methods of manufactunng vermilion is that known as the 
Dutch Process, and is effected in two stages A mixture of mercury and sulphur 
is gently heated m an iron pot, whereby combination gradually takes place, and 
black mercuric sulphide results This mixture, which is known technically as 
“ethiops," has now to be ‘‘coloured.” To this end it is thrown in small quantities 
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at a time into red-hot earthenware crucibles fitted with lids After some thirty-six 
hours the crucibles are cooled, and the vermilion, which has sublimed to the lids 
and upper and cooler parts of the crucibles, is removed. 

The Idrian method consists in thoroughly mixing 20 parts of sulphur with 105 
parts of mercury in wooden barrels rotating some sixty times per minute for about 
three hours. The resulting mixture should not reveal any globules of mercury when 
examined with a lens It is then charged into pear-shaped sublimation pots of 
cast iron, each of which holds 130 lbs., and is gently heated, whereby black mercury 
sulphide results The temperature is now raised and the vermilion sublimes into 
receivers It is ground in water, boiled with potash to remove any sulphur, washed, 
and finally dried at 7o*-75* C. After sifting it is ready for the market 

The Chinese process is very similar to this, and if the Chinese vermilion is 
supenor to the European product it is probably because more care is taken by the 
patient Chinaman in carrying out the minor details of the process 

Vermilion has a beautiful scarlet hue, which is probably the result of its crystal- 
line structure, for when mercury sulphide is first produced, either by precipitation 
with sulphuretted hydrogen from solutions of soluble mercury salts, or, as in the 
above case, by heating the mercury and sulphur together, it is always black and 
presumably amorphous It would seem that vermilion exhibits a certain tendency 
to revert to its black amorphous form if exposed to the action of light, air, and 
moisture, so that as a water-colour pigment it is not very satisfactory In oil, 
however, and particularly under varnish, vermilion is a very stable pigment in most 
cases Owing to its unusual density (viz , 8 2) it is apt to settle out of paints, 
which latter must therefore be constantly stirred during application 

When heated strongly vermilion completely volatilises and should leave less than 
I per cent of ash Adulteration is often practised, red lead and rouge being added 
to It. Their presence, however, can readily be detected both qualitatively and 
quantitatively by heating the vermilion to redness in a crucible and examining the 
ash left behind. 

Statistics — The following figures show the amount of the English import and export of 
pigments — 



Import, 1910 

Export, 1910. 

Cwt 

Value. 

Cwt. 

Value 

Painters* colours and pigments barytes 
,, ,, ,, nickel oxide 

,, ,, ,, white lead - 

,, ,, ,, zinc oxide - 

,, ,, „ other sorts - 

Total of painters* colours and pigments 

908,505 

17,297 

288,731 

304,183 

860,304 

34.639 

86,150 

240,37* 

323.937 

786,167 

229,894 

23 

404.401 

38.221 

1.692,465 

;^38.ii8 

235 

401.897 

44.595 

2,208,460 

a, 379,020 

;^i,S 7 i .265 

2,365.004 

1 

.^2,693,305 


The United States imported in 1910 paints, pigments, and colours to the value of $1,915,000. 
The export in 1910 was — 


Carbon black, gas black 
Zinc, oxide of - 
All other 


$680,000 

956,000 

3,090,000 


Total - - $4,726,000 


My thanks are due to Mr Dancaster, B.Sc, Chemist, Engineering Department 
of the L. & S W Railway, for particulars regarding some modern graphite paints, 
and for notes on certain recent processes of white lead manufacture. 
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LAKES* 

Lakes are compounds of inorganic bodies with organic colouring matter ; and 
during the past few years increasing attention has been paid to their manufacture 
in consequence of the rapid progress made in the preparation of dyes from coal-tar 
products Originally the organic dyes were obtained solely from natural sources, 
such as, for example, lac dye from the lac insect, cochineal from the Coccus cactt^ 
alizann or madder from the roots of the madder plant {Rubta tinctorum\ and so on 
Almost all of these colours are acidic in character, and yield lakes when neutralised 
or made to combine with those metallic oxides or hydroxides which are basic in 
character. On the other hand the artificial dyes prepared from coal-tar products 
vary so much from one another in their chemical behaviour that different methods 
have to be employed in manufactunng lakes from them as occasion requires 

Lakes are usually poor dners, but they are charactensed by their transparent 
nature, which makes it possible to use them in glazing or tomng in a similar manner 
to Vandyke brown (q v.) By mixing with some colourless (white) and opaque body 
such as barytes and gypsum the lakes are likewise rendered opaque, and thus 
resemble our ordinary pigments 


A. Lakes from Natural Colours 

Lakes from natural colours may be readily obtained by simply mixing the dyes 
with basic metallic oxides or hydroxides in vats. The resulting products are both 
coloured and msoluble in water — two important qualities essential to pigments 
From a theoretical point of view a true lake should resemble a true salt, in that 
it contains just sufficient of the base as will combme with the colouring matter and 
no more. In practice, however, it is customary to add excess of the base, with the 
result that the tmt of the finished product is proportionately lighter. In this way 
a gradation of tints may be obtained 

The most famous and important of the natural colour lakes is carmine) a 
compound of cochineal, lime, and alumina The details of its manufacture are, 
however, kept a close secret Carmine works satisfactonly both as an oil and a 
water colour, but fades on prolonged exposure to air and sunlight During the 
preparation of carmme the metallic base does not effect the precipitation of all the 
cochineal, so the coloured liquors are mixed with alum, tin chloride, and potassium 
carbonate, the last aimed effecting the precipitation of the so-called Carmine lake 
Crimson lake differs from carmine lake only in that it contains a higher 
percentage of alumma Scarlet lakes are virtually crimson lakes tinted with 
vermilion. 

B. Lakes from Coal-Tar Colours 

These are rapidly superseding those obtained from natural sources, as has 
already been mentioned. For our present purpose we may divide the coal-tar dyes 
mto three classes as follows • — 

I Acid Colours — This name is slightly misleading, for the acid colours are 
not necessarily of an acid character although such happens to be the case with some 
of them The name “acid” colour originates from the fact that it is usual to add 
some free acid to the colour vats when dyeing wool and silk. The dyes are 
precipitated from solution by metallic salts; barium chloride, lead acetate, and 
aluminium sulphate being the three commonly employed 

Acid colour lakes may be used either as oil or water colours, and the results 
are very permanent. 


* For an account of the natural and artificial dyes now used by manufacturers for various 
purposes, the reader is referred to Sections XIII. and XIV. 6f this work, especially p 443 
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2 Basic^ Colours. — These ^eld precipitates with certain weak organic acids, 
mch as tannic acid and picnc acid. These precipitates are definite chemical com- 
pounds when pure, but in practice the relative amounts of the constituents are 
vaned in order to effect corresponding changes in hue. Unfortunately the organic 
acich present exert a marked retarding action upon the drying of the oil used as 
vehicle, so that these lakes are not very suitable for oil paints They are used as 
water colours, however, and good results are obtained by varnishing on top of such 
work. 


3. Mordant Dyes. — These dyes are generally colourless, but when combined 
with a “ mordant ” their colour is develop>ed The actual colour developed depends 
very largely upon the character of the mordant used Thus, for example, alizarin 
yields a scarlet colour with tin, a bright red with alumina, but a violet with iron 
The resulting lakes are usually very permanent 

DISTEMPERS AND WATER PAINTS 

Distempers are made by diluting cheap pigments with water containing a 
little glue to serve as a binding agent They are applied to plaster, stucco, brick, 
and stone In dry buildings they are very permanent As a rule whiting is used in 
this country and coloured with small quantities of ultramarine, indigo, and such- 
like pigments which are charactensed by deep staining properties Sometimes the 
whitmg is mixed with cheap permanent pigments, such as ochre and rouge, or 
indeed entirely replaced by these if a deep colour is desired The pigments are 
made into a mud with water and size is added until the whole is of the consistency 
of cream. Occasionally alum is introduced into the mixture, but this is not to be 
recommended if pigments are used for staining which are susceptible to the action 
of alum. In Amenca, lime preparations under the name of “ Kalsomine ” are used 
in distemper Owing to the alkaline nature of whiting such pigments as Prussian 
blue, chrome yellow, etc, may not be used to colour it The most suitable 
pigments for this purpose are ochres, umbers, siennas, rouge, lime blue, and indigo 
These, alone and in combination, will suffice to yield a fine array of hues, tints, 
and shades 

The following table gives a list of foreign substances often added to distempers 

Result 

Increased binding power 
Slower drying 

Deodorises and disinfects. 

{ Neutralises the alkalinity of the lime. Renders 
size more fluid. 

Renders size more fluid 

Size hardened and rendered less easy to remove 
Hinders undue absorption 

Water paints are not the same as distempers, although the two names are 
often regarded as synonymous. Water paints contain oil which has been saponified 
by treatment with alkali, and therefore yield non-absorbent coatings A drop of 
water splashed on to these may be wiped off without leaving any mark A dis- 
tempered surface, however, would be temporarily darkened Water paints are 
particularly suitable for walls, as they are porous and allow the bncks to “ breathe." 
At the same time they are impervious to water and thus offer a good protection to 
the walls. 


to modify their properties ; * — 

SubtUace Added 
Turpentine \ 

Paraffin / 

Glycerin \ 

Sugar - 

Treacle j 
Carbolic acid \ 
Chloride of lime j 

Vinegar 

Alum - 
Spirits of wine • 

Soap - 


This table is taken from Friend’s Introduction, etc.,” p 148. 
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Whitewash and Colour wash are mixtures of lime and water, coloured 
in the latter case with cheap pigments They are used in the interests of sanitation, 
rather than for decorative purposes ^ 

Casein Paints —It has long been known that the addition of casein (milk)* 
to lime washes increases their durability, Ihe reason being that casein combines with 
lime to form agglutinant compounds which become insoluble on exposure to air 
Casein is now largely adde^ to certain paints, us\ially supplied in the form of powder 
by the manufacturer, containing casein and alkali in the dry state When these 
paints are mixed with water the alkali is dissolved, and in turn dissolves the casein, 
which then reacts with the lime and colouring matters to form coloured cements. 
In casein paints the cementing •silbs^ances usually consist of casein (“ curds 
quicklime, and water, but sometimes the casein colours are mixed with linseed oil 
varnish The paints must be kept hermetically sealed in tins. Only mineral 
colours can be used The paints are manufactured by adding 200 parts of casein 
with 40 parts of powdered quicklime, and the colouring matter is added until a 
thick paste is obtained, the mass being then finely ground in a colour mill Casein 
paints give extremely stable colours with a matte surface and are very cheap 


See Industrial Casein, p. 79. 
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Two classes of fibres exist : (i) Vegetable, (2) Animal. 

The former class consists essentially of cellulose (which see), while the latter 
consists of nitrogenous organic matter. 


Vegetable Fibres 

Cotton consists of thin, hair-like fibres enveloping the 
seeds contained in the capsule of the cotton plant, Gossypium. 
According to Royle and Kuhn four fundamental species exist, 
each comprising many varieties. I'he bulk of the cotton comes 
from the Southern States of the United States of America ; per- 
haps the best cotton comes from Egypt ; cotton plantations also 
exist in various parts of Africa, East Indies, and other tropical or 
semi-tropical regions. 

The cotton filaments consist of long, thin cellulose cells 1-5 
cm. long and 0.04 mm. in diameter, forming flat, ribbon-like 
bands, twisted spirally and hollow internally. They may be 
likened to tubes which have collapsed in the interior, thus 
acquiring a dumb-bell-like section. This hollow twisted con- 
struction makes fabrics constructed of cotton both light and 
elastic. 

The cotton fibres when freshly separated in special machines 
from the cotton seed consist principally of cellulose (91 per 
cent), but are surrounded by a thin cuticle, and contain about 
5 per cent, of non-cellulose constituents, such as resin, colouring 
matter, proteids, fats, etc., which are almost completely removed 
during the bleaching process. Commercial varieties contain 
about 8 per cent, of moisture. Dilute alkalis (under 10 per 



Fig. 199.— Cot- 
ton Fibres, 
Enlarged. 
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cent.) scarcely affect cotton fibres, but more concentrated alkali solutions ‘‘mer- 
cerise’’ them. (See Merceri^tion, p. 205.) 

Both bleaching and mercerisation increase the affinity of the fibre for colouring 
matter. 

Dilute acids in the cold also do not attack cotton fibres, but when warmed or 
evaporated to dryness with dilute acids the fibres fall to pieces owing to the 
formation of hydrocellulose (which see). Use is made of this fact in obtaining 
shoddy wool (p. 517). Wool, silk, and other animal fibres have a much greater 
attraction for dyestuffs than cotton. 'I'o remedy this, cotton is often “ animalised 
by treating with jascin^r other nitrogenous matter milk + sodium stannate, 
then alum). Vignon Cassella let CaCU + NHg act on cotton at 60"* C, 

Ammonia is absorbed, and the fibres can be dyed in an acid bath without a 
mordant. 

Prior to being woven into fabrics cotton yarns are “ sized ” (to render them 
softer, more pliable, and adhesive) by dipping into flour paste, dextrine, gum, 
or other adhesive, and adding kaolin, BaS04, vveighting agents. (See 

p. 561. See also Mercerisation, p. 205.) 

Linen consists of fibres of the inner bark or bast of the Flax 
plant, Linum usitatissimum^ largely cultivated in North Ireland, 
Belgium, and Russia. The plants are cut, freed from seed, and then, 
in order to separate the bast fibres from the ligneous portion, they 
are “retted,” />., allowed to ferment in stagnant water contained in 
tanks. I'he woody tissues rot and the fibres are separated from them 
by beating, shaking, and other mechanical treatment. The fibres thus 
obtained are hollow, thick-walled tubes possessing a smooth polished 
surface tapering to a point at the end; they are 20-120 cm. long and 
0.012-0.025 cm. broad. Linen fibres are stronger but not so elastic 
as cotton filaments ; they are also better conductors of heat, thus ex- 
j)laining the cold feel attached to linen goods. Linen behaves with 
chemicals very similar to cotton ; it is somewhat more inert to colouring 
matter and more easily disintegrated and injured by bleaching and 
oxidising agents than cotton ; it contains 7-8 per cent, of moisture 

Hemp is a fibre similar to flax, and is prepared in the same way 
from the hemp plant. Cannabis sativa. It contains more woody tissue 
than flax. 

Linen Fibres, 

Enlarged. Jute is the bast fibre from several species of Corchorus (East 
Indies, India). The cut plants are 10-12 ft. in height and are made 
into fibre by retting. Jute consists principally of a compound of a tannic acid 
and cellulose which is called “bastose” and which is hydrolysed into its con- 
stituents by acids. Jute dyes with basic dyes much like wool. 

Ramie is the fibre of China grass, belonging to the Urticacecs or nettle family. 

Cocoa-nut Fibre (Coir) consists of the fibrous layer covering the shell of the 
fruit of the cocoa-nut palm, Cocos nucifera, which is cultivated in most tropical lands. 
It is u.sed for cordage, and as a filling and .spinning material. 

Sisal Hemp or Agave Fibre is indigenous to Yucatan, and is largely grown 
in the Bahamas and in Florida. The leaves of the plant average 5-6 ft. in length, 
and are cut when four years old. 

Zealand Hemp, or Phormium tenax^ resembles Manila, but is inferior 
in strength and quality. 
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Manila Hemp is obtained from the leaves of a plant of the banana family, and 
is largely cultivated in the Philippine Islands, Borneo, and Java. 

Hsparto is a grass, Stipa tenacissima^ growing in Spain, Algeria, and Northern 
Africa. Much used for paper making, etc. 

Istle or T&tnpico Fibre is made from a plant largely grown in Mexico, and 
used in very large quantities in the United States. 


Animal Fibres 

Wool consists of the cleansed fibres of the sheep. The fibres vary in length 
from 2-25 cm., the shorter fibred varieties being termed “short stapled,’^ “short 
wool,’' or “noils,” and the longer ones, “long stapled,” “long wool,” or “tops.” 
Long wools are manufactured into worsted yarns, while short wools go to 
make woollen or carded yarns. Pulled wool is separated from the skins of 
slaughtered sheep after a preliminary treatment with lime (which makes them 
difficult to dye). The fibres consist of a number of individual cells 
closely cemented together and overlapping .so as to form a cylindrical 
solid curly fibre, covered with horny .scales, which make the fibre look 
rough and uneven under the microscope. 

'rhe best and most expensive w'ool is given by the Merino sheep ; 
wool is principally obtained from Australia, South America, and Africa ; 
the crude wool as imported contains much sweat and fatty matter, which 
is extracted by washing, and gives the fat known as Lanoline (see pp. 53 
and 60). 

Wool consists of a substance called “keratine,” which contains nitro- 
gen (17.8-19.1 per cent.), sulphur (2. 3-3.8 per cent.), carbon (49.8-52 per 
cent.), hydrogen (6.9-7. 2 cent.), and oxygen (20-21 per cent.). Boiling 
water causes the fibres to shrink up and mat together ; warm alkalis 
decompose it, dis.solving it to form fatty acids, amino acids, ammonium 
compounds, and sulphuretted hydrogen ; weak bases, however, like 
ammonia, neutral soaps, and dilute acids, do not attack w'ool to any 
great extent. Bleaching powder, however, unless very carefully used, 
is liable to damage the fibre. 

Shoddy W^ool. — This consists of wool fibres recovered from old 
clothes and similar materials by a process known as “carbonisation.” 

The old cloth is soaked in a dilute .solution of dilute HCl, AlCl^. or 
MgCl.2, separated from excess of liquor by centrifuging, and then is heated 
to ioo'’-i25'’ C. The cloth consi.sts of a mixture of vegetable and animal fibres; 
w'hen heated the cellulose forming the vegetable fibres is attacked by the acid, 
forming the brittle hydrocellulo.se. On beating the cloth the vegetable fibres fall 
to dust and are thus easily separated from the interwoven woollen fibres which 
remain intact — wool not being very sensitive to acids. 


Fig. 199^. 
Wool 
Fibre, 
Magni- 
fied. 


Among other industrially important fibres chemically similar to sheep wool but 
smoother and less curly may be mentioned : Alpaca from the South American 
goat, Auchenia paco ; Vicuna from the small South American goat, Auchenia 
vicugna ; Mohair or Ang^ora from the Angora goat ; Cashmere or Tibet wool 
from the Cashmere goat. Llama hair from the Auchenia llama ; Camel hair, 
Cow hair, Horse hair. Goat hair, etc. 


Silk is the cocoon thread of the silk spinner, Bombyx mori, w'hich is widely 
cultivated on mulberry trees in China, Japan, France, Italy, India, Asia Minor, etc. 
The spinning glands of the mulberry silkw'orm secrete two colourless liquids, which 
unite on issuing from the glands to form the yellowish double-thread known as silk. 
The worm winds the fibre around itself as an enveloping cocoon of length 400-1,300 
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yds., before passing into the chrysalis or pupil state. The chrysalis is killed by 
dry heat, steam at 75® C., or by freezing, and the cocoons are then immersed in hot 
water to soften the silk glue known as sericin which forms the exterior layer of the 
filaments, and binds the strands together. The silk threads are then twisted on 
a reel to form the threads of raw silk. Only 50-66 per cent, of the silk in the 
cocoon can be reeled, 'rhe waste parts of the cocoon yield (after boiling with soda 
solution, combing, and spinning) the so-called “floss 
silk,’’ which is made into spun silk. The waste from 
the spinning is sold as silk wadding. 

Raw silk fibre consists of about 66 per cent, fibroin, 
CigH^gNgOg, forming the real silk substance, and the silk 
gum or sericin, forming th^ exterior layers. To make 
the silk bright and lustrous "the gum must be removed 
from the fibre by treating with hot, neutral soap solution, 
the strands being then washed with dilute sodium car- 
bonate solution. The soap baths containing the dissolved 
gum are called “boiled-off baths, and are used in silk 
dyeing. Degummed silk is called “Cuite”; it is very 
lustrous and soft, but has lost 20-30 per cent, of its 
original weight. 'Fhe “ rustling ” property of silk is attained 
by further treatment of the cuite in an acid bath. If the 
degummed silk is not to be dyed dark it is “boiled white” 
by sewing into cojirse sacks, boiling with soap solution for 
thirty minutes, wa.shing with Na2C03 solution and H.^O, 
, _ ^bleaching with HgOo or SOg, and again washing. Silk 

Thriadshow; fibroin-is rapidly dis- 

ing Cement- solved by alkalis, zinc chlonde, and cuprammonium ; 

ing Envelope dilute acids do not attack it so readily. Silk is very hygro- 

and Section. scopic, containing on an average ii per cent, of water, 

I'lc. 199.'.— Silk I'ibres. and capable of absorbing nearly 30 per cent, without 
appearing damp. Consequently the estimation of the 
water is of great importance in the silk trade, and is carried out in “conditioning’^ 
apparatus. 

Several varieties of Wild silks are known, the most used being Tussore 
silk or 'lasar silk, spun by the Antheraa viylitta, of a bright brown colour, very, 
durable, and having a fibre thicker than that of genuine silk. Many of the wild 
silks are very difficult to properly bleach and dye. 

For Artificial Silk see p. 219, 



Statistics. — The following figures show the enormous value of the import of textile fibres into 
the United Kingdom : — 



Imported in 1 9 10. 

Value. 

j Raw cotton, yarn, and waste - - - - 

Linen yarn 

Coir fibre and yarn 

Hemp (also tow and yarn) .... 

Jute (also yam) 

Silk (including yarns, waste, etc.) - 
Wool (including yarn, shoddy, and rags) - 

Tons. 

903.000 
14,400 

3,200 

733.000 

298.000 

4,900 

500.000 

;^72,76o,ooo 

1.050.000 
250,000 

3.280.000 

4.720.000 

1, 880, 00c 

40,120,000 

1 24,060,000 
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The corresponding statistics for imports into the United States are — 



Imported m 1910 

1 

Value 

Cotton (unmanufactured, waste and yarns) 

Flax - ..... 

Hemp - . - 

Istle or tampico fibre 

Jute - . - 

Manila - • * - - 

New Zealand flax - 
Sisal grass 

All other grass 

Coir yarn 

Human hair • 

Horse hair 

Other animal hair 

Wool, camel hair, goat hair (unmanufactured )- 
Silk (cocoons, raw, ua^^te) - - - . 

Ions 

58.300 

12, 761 

6,423 

9.272 

68,155 

93.253 

3,353 

99,966 

12,248 

2,720 

2,410 

5,960 

117,800 

10,470 

$21,7X0,000 

3>536,ooo 

1.040.000 

645.000 

3.728.000 
10,517, coo 

363.000 

11.440.000 

1.148.000 

204.000 

2.848.000 

2.107.000 

1.065.000 

51.220.000 

67.129.000 


The United States exports were — 







Exported in 1910 

Value 

Cotton (unmanufactured) 





Tons 

1,431,600 

$450,447,000 

Hair . . - - 

- 

• 

• 

- 


1,143,000 

Silk \^aste 

• 

• 

* 


1,200 

64,000 
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PART II 

THE BLEACHING OF TEXTILE FIBRES 
LITERATURE 

Trotmann and Thorp. — ** Bleaching and Finishing of Cotton.” London, 1911, 

Knkcht, Rawson, and Loewbnthal.— “Manual of Dyeing.” Vols. I. and II. London, 
1910. 

J. Herzfeli).— “Das Farbcn und Blcichcn.” 3 vols. 1900-1910. 

A. Sansone. — “ Dyeing and Calico Printing.” London, 1888, 1895, 1 ^ 9 ^* 

Textile fibres, either as yarn or woven into cloth, must undergo several preliminary 
operations before they can be passed on to the dyer and printer. By the process 
of “ bleaching ” heterogeneous matter in the fibre is largely destroyed or removed so 
that the cloth dyes equally in all parts. 

Cotton is nearly always bleached by chemicals, usually by treating with caustic 
soda and calcium hypochlorite (bleaching powder) or sodium hypochlorite (pre- 
pared by the electrolytic process) solution. The caustic soda attacks the lignin and 
saponifies fats, dissolves resins, etc., while the hypochlorite completes the process 
by its strong oxidising action : — HCIO = HCl + O. 

'I'he cotton goods are sewn together in special machines so as to make a roll 
about yds. wide and sometimes 50,000 yds. long, and are then usually made to 
undergo the following series of operations : — 

(i) Singeing . — They are passed through a singeing machine (Fig. 200) in which a 
gas flame plays on the cloth whereby the finer projecting fibres are burnt off. If 



Fig, 200. —Gas Singeing Machine with Two Burners. 
(Mather & Platt, Manchester.) 
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allowed to remain on these fine fibres would cause a smearing of the colours in 
printing. 

(2) Steeping or Souring . — From the singeing room the goods are drawn in rope 
form through a porcelain ring ('‘pot’s-eye ”), and are treated with very dilute H^SO^ 
in a souring machine (Fig. 201). 


This consists of a tank filled with the acid solution and provided with w’ooden rollers ; the hanks 
pass tluough porcelain rings (pot’s-eye) into the acid bath, thence coming out, are squeezed free from 
liquor in a roller, and then pass again into the liquor, and are squeezed dry again, the process being 



Fig. 201. — Souring and Washing Machine. 

(Mather & Platt, Manchester.) 

repeated several times. After about twenty-four hours the acid completely hydrolyses all starch 
used for sizing the cotton and at the same time dissolves mineral impurities. 

(3) The goods are then washed free from acid and mineral salts (“filling^’) in 
another similar machine. (4) The goods are next heated under pressure with dilute 
(3 per cent.) caustic soda in ihe autoclave — called a “ Keir"’ (“bowking”). 

A diagram of Mather & riatt\s apparatus is shown (Figs. 202 and 203). The goods soaked in 
caustic soda solution are placed in a perforated truck and run into the horizontal boiler (which is 

37 
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capable of holding 1,270-3,400 kg. of goods) and tlie door mechanically shut. By means of an 
injection apparatus and centrifugal pump boiling caustic soda is forced in at the bottom, and caused 
to continually circulate through the goods, the heating being carried up to 2^ atmospheres for some 
hours, and being caused cither by live steam coils placed in the bottom of the boiler, or by closed 
heating coils containing hot air or steam coming from an external smirce of lieat. While one truck of 
goods is being treated the men are loading another truck externally, so that charging and recharging 
the apparatus takes little time. When the 3 per cent, caustic soda solution is pumped in at the 
bottom, all the air is driven out by steam. Unless all the atmospheric oxygen has been removed 
from the boiler the clotli may become rotten |)robably owing to the formation of oxycellulose. 
Vertical high pressure keirs are also used. Fig. 204 show s Farmer’s liigh pressure kier. 


The goods arc now almost white. After cooling they are (5) washed free from 
caustic soda, and then (6) bleached in large tanks with a dilute solution of Ideaching 
powder (i g. bleaching })owder to 1,000 c.c. water). No acid is used, the goods ])eing 
allowed to remain in the bleaching lifpjor for some time (“ chemicing ”). (7) Next 

the goods are washed, and the excess of clilorine and calcium salts removed by 
passing (8) through dilute acid followed by (9) a thorough washing. 

(10) The cloth is now dried by passing over a series of steam-heated hollow 
copper rollers ; (i i) again passed through .singeing machines to remove fine projecting 
fibres; (12) well beaten, and (13) rolled up, whence it goes to the dyers or cloth 



BLEACHING 


■523 


The succession of operations is often varied widely according to the goods and the purpose for 
which they are intended. Thus pieces to be dyed dark colours require a different treatment to those 
intended lor lighter shades or white finishes. 

Thus many firms work by the process of double bowkingy viz., by boiling with lime first and soda 
or resin lye after, or by means of a strong caustic lye alone {single bowking). The souring and 
“chemicing” treating with bleaching chemicals) is done either in souring or “chemic” 

cisterns arranged with circulating pumps, or by thoroughly impregnating or saturating the goods 
in souring or chemicing machines, and then letting them stand in heaps for some time. The latter 
method is simplest and is most widely used in England at the present time, whereas the former 
possesses the advantage of putting less strain on the goods. 

Many firms adopt the following series of operations: (i) Singeing, {2) liming and filling in lime 
keir, (3) bowking (f.^., boiling in keir), (4) washing and souring, (5) washing and filling in soda 
keir, (6) bowking, (7) washing and chemicing (f.^., treating with bleaching chemicals), (8) souring, 
washing, and squeezing off. 

The process of Mercerisation of cotton goods is described on p. 205. 



Fig. 203. — Mather Patent Kier (Section). 
(Mather & Platt, Manchester.) 


Bleaching of Wool. — Before subjecting to the bleaching chemicals all oil 
(used in spinning the wool) is carefully removed by washing with ammonium 
carbonate, soda, or soap : soft water must be used for the purpose. The wool is 
then bleached either by treating with a bisulphite solution or by exposing it moist 
to the fumes (SOo) of burning sulphur. For the latter purpose sulphur — about 8 per 
cent, of the weight of the wool to be treated — is burnt in closed chambers in which 
the wool is suspended. 

A very good white is obtained by bleaching with Hydrogen peroxide, ; 
a dilute solution is made weakly alkaline with ammonia and the wool immersed 
until white. (Hydrogen peroxide is also used for bleaching silk, ivory, hair, etc.). 
Sodium peroxide, NOgO.,, has also been u.sed. This thrown into water decomposes, 
yielding oxygen and caustic soda. The oxygen bleaches the >vool, although much 
available oxygen escapes unutilised in the free state. Since the caustic soda produced 
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attacks the wool, magnesium sulphate (Glauber's salt) is added to destroy its 
corrosive effect. The sodium peroxide process is neither so easy nor certain as 
the hydrogen peroxide or sulphite process. 

Sometimes before the wool is finally passed on to the dyer and printer it is 



Fig. 204. —Farmer’s High Pressure Kier, with Multitubular Heater and Pump. 
(Sir James Fanner & Sons Ltd., Manchester.) 


subjected to a very weak bleaching powder solution, mordanted with sodium 
stannate (“Tin salt"), and then treated with dilute sulphuric acid. Wool treated 
thus dyes very well. 

Silk Bleaching.— After “degummihg" (see Silk, p. 517) by warming with 
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neutral soap solution and then (if the silk has to be dyed a light shade) by “ white 
boiling ” (see p. 5 18), the silk may be directly transferred to the dye bath ; the boiled- 
off baths” containing the silk gum dissolved in the soap solution used for de- 
gummmg are used in the dye baths Occasionally silk is bleached with hydrogen 
peroxide or sulphur dioxide, and, indeed, wild silks must be bleached with 
hydrogen peroxide Modem silks are strongly “weighted” with tin chloride, water- 
glass, and sodium phosphate, the weight being sometimes doubled thereby without 
injury to the lustre or dyeing power of the silk. However, such weighted silk is 
far less strong and durable than the pure silk ; indeed it is scarcely better m these 
respects than artificial silk. When the silk is to be dyed a dark shade, such 
weighting and colouring agents as tannic acid and potassium ferrocyanide, iron 
sulphate, etc., may be used. 

Linen Bleaching. — This may be earned out by spreadmg the matenal on 
meadows in bright sunshine, keeping the material well sprinkled with water. The 
sunlight causes the formation of hydrogen peroxide, or ozone, which oxidises the 
lignin. As a result the linen acquires the snow-white colour so characteristic of it. 
This process is effective with the very finest yarns, given ample time But the 
bleaching of the finest yarns is accelerated and improved by one or two boilings in 
an alkaline bath during the process 

Bleaching of Heavy Yarns — The treatment of the heavier yarns, and especially the yarn spun 
from the shorter fibres (known as “tow” yarn), is almost entirely a chemical one, and for “high” 
colours long and complicated The flax fibres which are spun into the coarser counts consist of 
cellulose fibres, together with much extraneous matter, such as woody fibre, decayed cell, and 
colouring matter There is also present resinous, waxy, and oily matter which act as a sort of 
natural varnish, and protect the conglomerate fibre from chemical and atmospheric influence At 
the same time they are liable to decay, and so encourage certain ferments and mildews The 
first process is to dissolve these by boiling in an alkaline solution. The next process is to attack 
the unwanted matter by the oxidising effects of a bleaching solution A treatment with sulphuric 
acid follows The way m which the acid acts is obscure, but it tends to destroy the woody matter, 
and probably has a chemical action on the cellulose Many practical men, however, suppose it 
simply “kills” the bleach A washing m water follows, and the process is repeated again de novo 
until the correct colour is obtained In order to obtain a full white, a linen yarn may have to 
undergo the following twenty processes . — 

1 Boil in alkaline solution 

2 “ Reel ” in bleaching solution 

3 Sour with sulphuric acid. 

4. Wash in running water. 

5 Boil in alkaline solution 

6 Reel in bleach 

7 Sour in sulphuric acid 

8 Wash in running water 

9 Boil in alkali solution 

10 Expose to atmosphere on grass for seven days, turning after four days* exposure. 

11 Immerse in steep amongst bleaching solution for twelve hours 

12 Sour with acid 

13. Wash m running water 

14 Boil in alkali solution 

15 Expose to weather as in lo 

16 Immerse in bleaching solution. 

17. Wash in running water (often this wash can be ^efi out). 

18 Sour in acid bath containing “shading” colour blue or violet). 

19 Wash thoroughly 

20. Finish in soap bath (usually with mixed soaps, often with a considerable amount of 
ammonia soap) 

It takes four weeks to make a full white on linen yarn The treatment is often stopped at 
fourteen, the boil being replaced by soap finish. This is known as three-quarter white, and is the 
most common bleach colour. 

From the above it will be seen that the object of the bleacher is to remove the extraneous matter 
without damaging the cellulose fibre In doing this thoroughly, as much as 50 per cent, of the 
weight of an average “ tow ’* yarn may be removed The machinery required for linen bleaching is 
extensive and well developed, and the chemical treatment is the result of expcnence 
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PART III 

WATERPROOFING AND MAKING NON-INFLAMMABLE 
OF TEXTILE FABRICS 

LITERATURE 

Mierzinski — “The Waterproofing of Fabrics ” London, 1903 

Andies — “ Feuersicher-, Geruchlos , und Wasserdichtmachen ” Vienna, 1896 

Eisensiein — J //£- Chevi -Ztg ^ 1905, p 507 

Geoffrey Martin and James Wood — “Notes on the Quantitative Testing of Rainproof 
and Waterproof Cloth ’* Journ, Soc Ckem Ind ^ I 9 I 9 » 38, 841 

Several distinct methods of rendering fabrics waterproof are practised — 

Waterproofing with Aluminium Acetate— The fabric is impregnated 
with a dilute solution, 5® Be , of aluminium acetate (which is often prepared by the 
waterproofer himself by treating alum or aluminium sulphate with calcium acetate 
or lead acetate), dried in hot air, and drawn through a 5 per cent soap solution 
Insoluble aluminium soaps are precipitated on the fibre and render the material 
waterproof — 

Aluminium acetate + Sodium soap > Aluminium soap + Sodium acetate 

A trace of undecomposed soap remains in the fabric , this, after drying, would give 
the fabnc a soft slippery feel ; it is therefore removed by passing the soaped fabric 
through a solution of alum or aluminium acetate, rinsing and drying 

Impregnating the fabnc with aluminium acetate and completely drying at a steam heat will render 
the fabric fairly waterproof owing to the formation of insoluble aluminium compounds in the fibre 
Sometimes this alone is done , sometimes the fabric is, after drying, passed through an alum solution 
in order to render the fabric more completely waterproof Inaia-rubber, paraffin, etc , is introduced 
into the soap solution (soap solutions form emulsions with fused waxes and paraffin, petroleum, 
rubber solutions, etc ), Japan or Carnaliba wax is often used The rubber is dissolved in paraffin, 
linseed oil, and palm oil 

The Badische Amlin- und Soda-Fabnk recommend the two following processes for waterproofing 
dyed cotton or linen material — 

(1) Soak the dyed pieces in a solution of 5 lbs soap in 100 gals water, squeeze, pass through 
a solution of 10 lbs alum in 100 gals water , squeeze and dry Repeat whole process if necessary 

(2) Prepare a soap emulsion by boiling together 6 lbs white soap, 3 lbs. tallow, 3 lbs steanne 
Pass the dry pieces tnrough the emulsion at 70^-85* F., squeeze, and pass through a cold solution ol 
aluminium acetate of 5* Tw Rinse lightly and dry hot. 

It should be noticed that by this method the interstices between the threads 
are not filled up, the fibres keeping the water back mechanically In true water- 
proofing this should always be the case 

According to German Patent 141,411, fabrics are waterproofed without destroying their porous 
nature by impregnating with aluminium acetate, drying, and impregnating with lanoline or wool fat 
dissolved m volatile solvent. 

Waterproofing with Paraffin — The materials are passed through a dilute 
solution of paraffin, ceresine, or similar body, dissolved m light petroleum or other 
volatile solvent The solution fills the cells of the fabric and the solid matter is 
left behmd when the solvent evaporates 

Sometimes the ceresine, paraffin, etc , is applied in a melting staXt by means of rotating a metallic 
roller in contact with the solid hydrocarbon, so that it carries away portions of it and puts them on 
the fabric, which passes between the roller and a heated trough ; tne latter fuses the hydrocarbons 
so that they are soaked up by the fabnc as fast as they are fused The goods are finally calendered. 
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Waterproofing with Gelatine, Tannin, Caseinate of Lime, Chrome 
Gelatine — The materials are treated with glue or gelatine and afterwards with 
tannin or alum which renders the gelatine insoluble (see Gelatine) 

Cotton goods are often treated with i 5 kg of gelatine in 50 1 of boiling water containing 
I 5 kg soap chips, 2 5 kg alum The cotton is put through the solution at 50® C , dried, and 
calendered Cellulose materials are often waterproofed by impregnating with a solution of i part 
gelatine, i part glycerol, i part tannin in 12 parts water 

Sails, carriage aprons, tarpaulins, etc , are often saturated with gelatine solution (7 per cent ) at 
40® C , air dried, passed through a 4 per cent alum solution, air dried, rinsed, dried Sometimes 
the materials are impregnated with cnrome gelatine, which is rendered insoluble by exposing the 
material to light A well-known recipe consists in dissolving 5 parts gelatine, i part potassium 
bichromate, and i part of acetic acid in 30-50 parts of water, adding 5 parts of cuprammoniuin 
(ammoniacal solution of copper oxide), brushing the material on the fibre, and drying in air 

t Casein waterproofing is carried out by stirring it into a cream with water, and adding 2 5 per cent 
ts weight of slaked lime , then dissolving casein in alkali solution, mixing the solutions, impregnating 
he fabric with the mixture, and passing it through aluminium acetate solution, which precipitates an 
nsoluble aluminium caseinate 

Waterproofing with Cuprammonium, Viscose, and other solvents for 
cellulose The celebrated Willesden fabrics are made this way by cuprammonium 
For details see under Cellulose, pp 189, 213 

Waterproofing with Solutions of Caoutchouc — See under India< 
rubber, p 360 

Waterproof Oiled Fabrics are made by spreading over the material in 
several successive layers a paste consisting of half-raw and half-boiled linseed oil, 
mixed with mineral colouring matter The material is dried between the successive 
applications Siccatives, resin, petroleum, etc , are sometimes added For Oil 

Cloth and Linoleum see p 49 

Tarpaulins are made by painting suitable fabrics with tar which has been heated to drive off the 
more volatile oils (but under 300® C , otherwise the tar becomes unsuitable) 

Manufacture of Non-Inflammable Fabncs — Clothes and fabrics may be made almost 
uninflammable by soaking in a solution of alum, ammonium phosphate, borax, water-glass, and similar 
chemicals Sodium tungstate has been used for making ball dresses non inflammable , borax and 
alum, borax and magnesium sulphate, gypsum and ammonium sulphate are all good mixtures Water- 
glass makes the material stiff Ammonium phosphate leaves the material soft A full account is 
given in Andes’ book, “ Feuersicher-, Geruchlos- und Wasserdichtmachen ” (above). 

W H Perkin’s method of permanently fireproofing cotton goods {e ^ y “ non-flam ” flannelette) la 
this — The flannelette is impregnated with a solution of sodium stannate of about 45° Tw , squeezed, 
dried on heating copper drums, passed through ammonium sulphate solution of 15® Tw (in order 
to precipitate tin oxide), squeezed, dried, washed to remove Na2S04, dried and finished in the 
usual manner The treated material can be dyed the m( st delicate shades, has no poisonous action 
on the skin, and is stronger and more durable than the untreated material The cost is not more 
than id per yard with tin at £210 per ton Muslin curtains can be treated similarly (see JV H 
Perk in y Eighth Int Cong Appl , New York, 1912) Also Patents — French Patent 321,063 

of 1902, English Patents, 8,509, 1902 , 24 222, 1903 

Statistics. — England exported in 1910 waterproofed apparel to the value of ;f499,ooo, and 
imported £^,000 worth. 

Analysis of Waterproof Fabrics — The methods are fully discussed by Geoffrey Martin and 
James Wood in the Journ Soc Chem Ind y 1919, 38, 841, which see 

Absolute waterproof articles are uncomfortable to wear because they are not permeable to air 
Hence most of the so called waterproofs ” are intended to admit air, and are permeable to water 
after some time 

Drop Test — Water is dropped from a burette at the rate of 20 drops per minute upon the cloth 
placed 5 ft below. The cloth is placed on a sheet of white blotting paper, which in turn is placed 
on a sheet of plate glass, placed at an angle of 45® C above a glass mirror After a time the drops 
of water pass through the cloth, and wet the blotting paper The dark stain of moisture is 
immediately seen m the mirror below the glass plate 

The British War Office require a cloth to stand 60 drops 

For civilian use a cloth which stands 10 18 drops is good enough 

Determination of Ash — A weighed sample is ignited in a porcelain dish 

Determination of Matter Soluble in 3 per cent Hydjochlo*tc Acid — The fabric is treated with 
the acid for fifteen minutes 
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Detertntnation of Ether Extract is earned out m a Soxhlet apparatus. 

The weight of the fabric in ounces per yard is determined by weighing x sq. ft. 

The tensile strength of the material should be determined 

The amount of wool^ cotton^ and silk present is determined as follows : — The wool is separated 
from the cotton by boiling with 5 per cent caustic potash solution for fifteen minutes ; 4 per cent, is 
then added to the weight of the cotton residue. The difference between this figure and 100 per 
cent represents the amount of wool present 

Wool can be separated from silk oy immersing the fabnc in concentrated hydrochloric acid for 
three minutes at 50® C , when the silk dissolves 

Linen is separated from silk by treating with an alkaline glycerobcopper solution, wherein the 
silk dissolves. 

Fabrics Proofed with Rubber. — In the case of fabrics proofed with india rubber the War 
Office has distinct specifications as regards the composition of the proofing material 

Thus the material for proofing coats with vulcanised india-rubber mixings must contain : mineral 
matter^ not more than 41 per cent , sulphur^ not more than 3 per cent , india-rubber^ not less than 
56 per cent on the average, and no single coat may contain less than 54 per cent In the case of 
cyclists’ waterproof capes, however, a different composition may be used for the proofing The 
mineral matter must not exceed 52 per cent ; sulphur^ 3 per cent (the free sulphur in this to be 
not more than 1 per cent ) The india-nibber must not be less than 45 per cent on the a\erage, 
and no single garment may contain less than 43 per cent Civilian garments may consist of 
different qualities from these, which represent a very high class of waterproofing 

Mineral Matter. — A part of the sample is ignited and the weight of the ash determined. Due 
corrections are made for oxidation to sulphates When antimony, sulphide, and copper are present 
these should be estimated in the usual way The mineral matter used for colouring the proofing 
of cyclists* capes usually consists of zinc oxide and litharge Small additions of other ingredients 
as are generally recognised as having a beneficial influence are officially recognised 

The presence of calcium carbonate and magnesium carbonate is often prohibited in War Office 
contracts. 

Sulphur is estimated in the usual way as barium sulphate, oxidation being generally effected 
by nitric acid and potassium chlorate From a determination of the amount of antimony and other 
metals present as sulphide m the preliminary operation, a correction for the amount of sulphur 
combined with antimony and other metals can be made 

Free sulphur is the sulphur extractable by boiling acetone The substance is extracted with 
boiling acetone for one hour, the acetone evaporated, the residue oxidised, and the amount of 
“ free ” sulphur determined as barium sulphate 

The organic matter extracted by acetone is the difference between the total acetone extract 
and free sulphur 

Alcohohe Potash Extract — The amount of organic matter dissolved by boiling the acetone- 
extracted sample with alcoholic potash is estimated as follows The acetone extracted rubber is 
dried and boiled for eight hours with a solution of alcoholic potash (56 g. KOH in 500 c c 
alcohol) The solution is poured into a dish, the rubber washed twice with alcohol, and boiled 
two or three times with water, the washings added, and the alcohol distilled off and recovered 
The residue is evaporated, washed into a separating funnel, acidified with hydrochloric acid, and 
the fatty acids extracted with succcssnc portions of ether The ether is distilled off and the 
residue dried to constant weight in the water oven 

The rubber residue left after boiling with alcoholic potash is washed free from potash by water, 
dried to constant weight in the water oven, and cooled in vacuo The ash ana the sulphur in 
the dried residue are then estimated, and hence the weight of organic matter in the residue is 
calculated This weight is deducted from the weight of organic matter in the residue after 
extraction with acetone (obtained by deduction of ash and combined sulphur), and from the 
difference the loss of organic matter by extraction with alcoholic potash per loo parts of rubber is 
calculated 

The india-rubber proofing should be free from grit and large sized particles. In the case of 
capes a 3 in square of material should have at least o 13 g. of proofing between the two fabrics. 
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Jmnial of the Society of Dyers and Colourists 

INTRODUCTION 

The object of the dyer of textiles may be said to be to impart to them, by treat- 
ment with certain solutions, a uniform colour which should be as permanent as 
possible to solvents and other influences The methods of obtaining this end are 
manifold, and it is not to be supposed that any one explanation will fully cover all 
the processes employed Even where the operations carried out in various cases 
are apjiarently similar or identical, the theory underlying them may be entirely 
different 

The simplest classification of dyestuffs is that, into those which are taken 
out of solution directly by the fibre, and into those which are produced chemically 
as insoluble substances during successive operations of dyemg The former are 
usually termed “substantive,” the latter “adjective” dyes Dyestuffs like indigo 
which are reproduced m the fibre in their original condition, during successive 
operations, are usually said to belong to the former class, although, according to the 
definition just given, they would more correctly be considered to be members of the 
latter. Another classification often employed is that into “direct” dyes, te^ 
practically the same as substantive dyes and “mordant” dyes, / , such as can 
only be applied with the intervention of a mordant Lastly, dyes are sometimes 
spoken of as “ monogenetic ” when they will yield only one colour whether applied 
directly or with the aid of different mordants, and as “ polygenetic” when they will 
yield different colours according to the mordant employed 

Substantive or Direct Dyes — If a piece of silk, wool, and cotton be each 
boiled with the solution of a basic dye, such as Victoria blue or the acidified 
solution of an acid dye, such as acid magenta, it will be found that the silk and the 
wool have been dyed, whereas the cotton will probably only have acquired a slight 
stain which may be easily removed by washing. If the solution of the dyestuff be 
fairly dilute the animal fibre will remove all of it, leaving a colourless liquid behind. 
Again, when wool or silk is dyed with the hydrochloride of a basic dye, such as 
magenta (rosaniline hydrochlonde), it has been shown by Knecht and Appleyard 
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that the whole of the hydrochloric acid is left in solution and the fibre is dyed /ed, 
m spite of the fact that the base which alone has been removed from solution is 
colourless Indeed it was shown by Jacquemin as early as 1876 that when either 
wool or silk is boiled with a colourless solution of rosanilme base, it is dyed red. 
These facts all point to the conclusion that the dyeing of animal fibres with most 
of the basic dyes is a process of a more or less chemical nature, consisting of the 
combination of some substance contained in the fibre with the base of the dye. 
Experiments may also be adduced to show that the dyeing of animal fibres with 
the majority of acid dyestuffs is a similar process, a conclusion which need not 
surprise us, for we have every reason to believe that not only wool and silk, but also 
most of the substances which may be formed from them by chemical decomposition, 
are of the nature of amido acids, i e , they have the properties both of acids and 
bases, and will, therefore, readily combine with dyestuffs having basic or acid 
properties. 

The following facts may further be adduced to confinn the conclusion that acid and basic dye- 
stuffs are usually held by the animal fibres in a very firm manner approaching that of chemical 
combination It has been shown by Dreaper in numerous cases that, when held by the animal 
fibre, a dyestuff is much less readily acted upon chemically than when it is in combination with a 
vegetable fibre, such as cotton, or than when it is in the free state Thus, the direct cotton dye 
pnmuline was dyed on samples of silk and cotton and then diazotised In the former case the 
resulting compound was shown to be incapable of coupling with R salt, whereas in the lattei 
combination instantly took place just as if tne diazotised dye had been in the free state Similarly, 
the acid dye methyl orange is not turned red so readily by acid when on silk as when in solution, 
which points to the conclusion that it forms an orange compound with the silk Then again, it has 
been shown ^ Knecht that the laws which govern imemical combination are to some extent obeyed ; 
for when different acid colouring matters of similar composition were employed in the dyeing of 
wool in strong solution and under similar conditions, the quantities taken up by the fibre stocS in 
the ratio of their molecular weights 

The action on the fibre during the process of dyeing of substances other than 
the dyestuff is probably of the very greatest importance Thus it appears that two 
slightly soluble substances which have been named respectively lanuginic and sencmic 
acid are produced by the action of hot water or acid on wool or silk, and it is these 
substances which combme with the basic or acid colouring matters of the bath. 
In fact It has been shown by Knecht that if wool is first boiled with 5-10 per cent, 
sulphuric acid, and then thoroughly washed, it dyes fuller shades in the neutral bath 
of acid colours than would be obtained in the ordinary way even if acid were added. 
This expenment is of great interest, for it shows that what is actually dyed by 
chemical combination is probably not the whole of the fibre, but mainly a constituent 
produced from it by the action of water dunng the operation of dyeing Further- 
more It opens up the probability that the chemical process takes place largely in 
solution, a chemical compound of lanuginic or sencmic acid with the dye being first 
produced in the liquid, and then absorbed by the fibre by one of the processes of 
solid solution or colloidal precipitation discussed in the sequence. The fact that 
many dyes may be extracted from wool and silk by alcohol is sometimes adduced 
as an argument against chemical combination, but what is extracted in this case may 
very possibly usually be the chemical compound of the dyestuff with lanuginic or 
sencmic acid, and not the dyestuff itself. 

The dyeing of cotton is probably under all circumstances a process of a slightly 
different order from that usually t^ing place with the animal fibres. During the 
last twenty-five years a large number of direct cotton dyes has become known Villen 
cotton is treated with the solution of any one of these substances, it will extract a 
considerable amount of dyestuff from solution, and thus become dyed ; the remaining 
liquid will, however, be found to be by no means colourless but to retain a very large 
proportion of the dyestuff. Again, if the dyed fibre be treated with pure water a 
considerable proportion of the dye will be extracted, and by repeating the operation 
almost the whole may be withdrawn. The process of dyeing in this case is thus 
seen to be a “ reversible ” one, and may fairly be compared with what takes place 
when the solution of a substance soluble in water such as benzoic acid is shaken 
with a liquid such as ether in which it is likewise soluble. The solution in ether 



DYEING 


533 

which is thus obtained may be compared with the dyed fibres ; and the latter may 
be termed a “ solid solution ” of dyestuff in the cotton 

The introduction of the idea of solid solution into<the theory of dyeing is due to O N Witt, 
who, however, attempted primarily to apply it to animal fibres. A law which particularly 
characterises solution in contrast to chemical combination is that known as Nemst*s distribution law 
In Its application to the dyeing of fibres this law demands that if a series of experiments is carried 
out m which given weights of the same fibre are dyed in a given volume of the solution of the same 
dyestuff, containing, however, different quantities of the latter in each experiment, then after 

equilibrium has been established, the expression Q.C^n should have the same value in each 
experiment. In this expression C# indicates the amount of dyestuff taken up by the fibre, C, the 
amount left in the solution, and n the ratio of the molecular weight of the dyestuff m solution and on 
the fibre respectively It has been shown particularly by v. Georgievics that this relation does hold 
for the dyeing of cotton m many cases, and also in a few for the ^eing of wool and silk. It must 
be pointed out here, however, that a relation of similar form holds for the process of “ adsorption ” of 
colloids discussed in the sequence, and that experiments on distribution like those of v. Georgievics 
can, therefore, not distinguish between the phenomena of solution and adsorption. 

Adjective Dyes. — In all cases where the dyestuff is produced as an insoluble 
substance by the interaction of two soluble ones in the interior of the fibre, the 
processes of chemical combination with the fibre and solid solution in it may play 
a part, but in addition we have the possibility of the solid being trapped by the cell 
walls in a purely mechanical manner, and also that it may be held by them by the 
phenomenon of adhesion It must be pointed out here that there are no doubt 
continual gradations possible between purely mechanical processes, the physical 
phenomena of adhesion, adsorption, and solid solution, and finally the process of 
chemical combination, and very probably all these gradations occur m one or 
another of the manifold operations which are carried out in dyeing. 

A physical phenomenon which no doubt plays an important part in many of the processes of 
dyeing is the formation of so-called “ adsorption ” compounds This phenomenon, the importance 
of which in dyeing has been pointed out in jmrticular by P Zachanas, has recently led to a ‘‘colloid- 
compound ” or “ electrical ” theory of dyeing 

A large number of substances of importance to the dyer, such as tannin, many dyestuffs, such as 
Congo red, crystal violet (base), night blue base, etc , and the fibres themselves belong to the class 
of colloids Many of these substances will dissolve in water, forming what are termed colloidal 
solutions, * € , solutions in which the dissolved particles are of a much larger order of magnitude 
than those of ordinary solutions, so that they will not diffuse through parchment and may usually 
be made visible by means of the ultramicroscope. These dissolved particles have been proved to 
bear electric charges, those of a basic nature acquiring a positive, those of an acid or neutral nature 
usually taking up a negative charge It has also recently been shown by Gee and Harrison that all 
the fibres become negatively charged in contact with pure water, whereas in contact with acids they 
usually assume a positive charge. Now, if a colloidal solution containing positively charged particles 
IS added to one in which negatively charged particles are present, these mutually attract each other 
and combine, to form what are called adsorption compounds The latter are precipitated from 
solution, the electrical charges being neutralised at the same time There can be little doubt that 
the “triple” compounds formed between tannin, metal oxides, and dyestuffs, on which the dyeing of 
basic dyes on cotton mainly depends, are largely due to colloidal combination, and this same 
phenomenon mav probably play an important part in many other processes such as the fixation of 
metal oxides ana other substances on the fibre 


Water 

Most natural waters show an alkaline reaction, and for purposes of mordanting, 
dyeing with basic colours, and washing after dyeing should be carefully neutralised 
before use by a suitable acid Sulphunc or acetic acid may be employed. The 
latter, though more expensive, is preferable, since a small excess accidentally added 
will usually not be harmful. When employing the former it may often be advan- 
tageous to add a small amount of sodium acetate m order to neutralise the free 
mineral acid. 

For dyeing with acid colours, it will usually be indifferent whether the water 
employed is ongmally alkaline or not, since enough acid is always added during the 
process of dyeing to make the Irnth strongly acid For dyeing with direct cotton 
dyes and sulphur colours hard waters should be softened before use. 
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Water containing even small quantities of iron or other heavy metals is as a rule 
useless for dyeing and mordanting operations, since the iron will usually combine 
with the dye, thus acting as a mordant, and produce a dull or “ saddened ” colour. 
The iron must, therefore, be got rid of by a process of softening. For use with acid 
dyes a very small amount of heavy metals will as a rule not be harmful. The pre- 
sence of lime in large quantity in a water must be taken into consideration, since 
it will act as a mordant, and may often produce undesirable results. In some cases, 
such as in the dyeing of turkey red, the presence of lime is desirable, since it acts 
as an additional mordant, and produces better shades than would be otherwise 
obtained. 

Appliances and Machinery 
used in Dyeing 

Preparation for Dyeing. 

— The material must be freed 
completely from all fatty impuri- 
ties by the processes described 
in the chapters on bleaching 
before it comes into the dye 
bath, and this refers not only 
to such fats and waxes as are 
naturally present in the fibre, 
but also to those which are 
added artificially during the 
operations of spinning and 
weaving. Bleaching is usually 
only necessary when delicate or 
bright shades are to be dyed. 
Wool may be carbonised either 
before or after dyeing in order 
to remove vegetable impurities 
such as burrs, pieces of straw, 
etc. In almost all cases the 
fibre should be thoroughly 
wetted out before it comes in 
contact with the dyeing liquid. 

Dissolving the Colours. 

— All dyestuffs and pastes 
should be dissolved in con- 
Fig. 205.— Dye Vat and Winch for Pile Fabrics. densed water and preferably 

(Mather & Platt, Manchester.) filtered through cotton cloth 

before they are added to the 
dye bath. Dyewoods may be 
extracted in the dye vats at boiling temperature before entering the goods. For 
this purpose the chips are placed in bags and preferably extracted systematically, 
i.c., the fresh chips should be employed to bring the bath completely up to strength, 
whereas the almost exhausted wood should be completely extracted in a bath con- 
taining fresh water. Special extractors, apart from the dye vats, are also frequently 
employed, and devices are also in use which may be fitted to the dye baths and in 
which the wood may be continuously extracted while the latter are in use. 

All dyeing machinery may be said to consist of an arrangement for either moving 
the goods through the more or less stationary dye liquor, or for causing the dye liquor 
to circulate through the stationary goods. In addition, an arrangement for heating 
the dye vat, usually either by steam pipes or by live steam, is provided. At the 
present day the textile fibres are dyed in practically all stages of manufacture ; the 
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Fig. 206, — DouLlc-Walled Copper Dye Vat 
(Mather 6c Platt, Manchester.) 

dyeing of the finished cloth, or piece-dyeing, however, still transcends in importance 
that of the other partially finished forms. 

Dyeing of Piece-goods. — The simplest form of machine and the one most 
usually employed for woollen cloth consists of the dye vat and winch. 

hig. 205 shows an arrangement of tin’s kind in which a wooden dye val is employed. The pieces 
are stitched together before dyeing and are usually run as an endless bund over "the winch. The 


Fig. 207. — Dye Vat. (Mather & Platt, Manchester.) 
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Fig. 2oS. Fig. 208^1. 

Dyeing Jiggers. (Mather & Platt, Manchester.) 


latter may be turned by machinery or by hand. The dye bath is usually heated by direct steam 
issuing from a perforated pipe. Fig. 206 shows a double-walled copper vat which is heated by steam 
introduced between tlie two copper walls. In this vat the steam does not mix with the dye liquor, 
and dilution of the latter is thus avoided during dyeing. Fig. 207 illustrates a vat in which the pieces 
in rope form are drawn as an endless band in a spiral over the same winch a large number of times 
after remaining in the liquid for a short time. Guide pegs prevent them from becoming entangled. 

The machine most frequently met with in the dyeing of cotton cloth is the 
jigger. In this machine the cloth in full width is passed through the dye liquor 
several times over guide rollers. 

In Fig. 208 two of these rollers, 0-2, are shown submerged in the liquid, and three, ^2> ^3» are 
placed above. In addition, two draw rollers, Cj, Co, and two batch rollers, and d^-, are visible above 
the vat. The cloth is first run from to r.j, the roller being actuated directly by the driving 
rnaehinery, while the brake e is placed on <•,. The cloth is thus kept in a state of tension. When 
all the cloth has been run on to the motion is reversed, Cy being made the driving roller, and tb.c 
brake being put on rg. This alternate motion is continued until the piece has liecn dyed the desired 

sliade. The pipes necessary for the 
supply of water and steam for 
heating are indicated in Fig. 1 2a. 

For indigo dyeing, pp. 461 and 
554, vats are employed in which the 
cloth is run over a large scries of 
rollers completely submerged in the 
liquor. It then passes through 
squeezing rollers, and over a series 
of rollers placed in the air above 
the vat for the purpose of oxidising 
the leuco compound absorbed liy 
the fibre. Another arrangement 
shown in Fig. 209 for the purpose of 
oxidising the leuco compound, con- 
sists in piling the cloth loosely on 
an endless travelling band. d'lie 
dye vat must be supplied with a 
stirring arrangement G, which can 
be actuated at will when the vat is 
being freshened up. Several vats 
of increasing strength are usually 



Fig, 209. — Indigo Dyeing Machine. 
(Mather & Platt, Manchester.) 




FiCf. 210 . —Jiggers for Sulphur Blue. ^Zittauer Maschinenfuhrik.) 


employed m series. For indigo dyeing “dipping vats*^ are also freciucntly employed in which 
the cloth is mounted on frames that are lowered into the dye li<ju()r, after which it is exposed to 
the air for oxidation. 

Fig. 210 shows an arrangement of two jiggers for use in the dyeing of sulphur hliie. The first is 
intended for dyeing, the second for washing the cloth, and an air passage for oxidising tlie dvc is 
provided between the two jigs (see p. 545). These jiggers are provided with s(jiieezing rollers. 

Padding' Machines, machines for passing piece-goods tlirougli a concen- 
trated solution, differ in principle from jiggers in having much smaller dye vessels 
or troughs. They are provided with squeezing rollers. 

Mac'hines similar in con- 
struction to the washing 
machine shown in Fig. 219 
may also be employed in the 
dyeing of cloth, and like 
principles may also be 
adopted in the design of 
machines for the dyeing of 
warps. 

Yarn Dyeing. — Yam 

is usually dyed by liand in 
the hank. For this imrjiose 
a rectangular \at, f ig. 211, is 
employt'd. It is filled with 
the ne('(‘ssai)' pi|)es lor filling 
and emptying, and a steam 

coil, usually perforated, is ^ 47 * FOR HANH PVi ING 

provided for heating. A false 

38 



Fig. 211. 
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Fig. 212. — Hank Dyeing Machine for Sulphur Colours. 
(Klaiulcr-Weldoi) Dyeing Machine Co.) 



bottom prevents the luinks from coming in contact with the latter. The hanks are 
suspended on square wooden rods placed across the vat, on each side of which stands 
a workman. One by one the rods full of yarn are taken up, and to each hank is 
given a quarter turn, so that the exposed part becomes submerged. This is carried 
out by means of a thinner rod which is inserted in the loop of the hanks immediately 
beneath the suspending rod, 'Fhe rods are arranged in such a manner that there 
is always a sufficient space of about a foot available beside the rodful of hanks which 
is being turned. 

Numerous machines have been de- 
vised in which the motion given to the 
rods by hand is imitated mechanically. 
The plan most suitable for mechanical 
treatment seems to be the employment 
of a wheol on which tlie hanks are sus- 
pended oy means of two series of rods, 
one series fitted near the centre, the other 
on the circumference of the wheel. The 
latter partially dips into the dye vat, and 
in turning slowly, alternately dips the 
hanks into the liejuor and then lifts them 
out to drain ; at the same time the sticks 
receive a rotary motion. The whole 
wlieel is advantageously enclosed in a 
case fitted with doors. Fig. 212 shows a 
machine of this kind constructed by the 
Klauder -Weldon Dyeing Machine Co. 
This machine may also be employed for 
dyeing slubbing (combed wool) in the 
hank. 


Fig. 21 j. — i>yeing Machine for Loose Wool, etc. 
(Schirp.) 


The Dyeing of Loose 
Fibre, Cops, etc. — Loose fibres 
may be dyed in suitable boilers in 
which they are turned by hand by 
means of poles. The material, 



DYEING 


539 

however, shows a considerable tendency to Tclt under these conditions, and 
mechanical appliances are, therefore, to be preferred 

The KhiulirWclil >n C • a machine similar m appearance to the one desenbed 

ihoxL fur till (Ktiii^ of Innks In ii tin. imtLriil i^ jiUclcI in a (lerforated drum or wheel, which is 
di\i(Ld into ffuir scctnins ur i.i>iii)j.irlini.nl's and niailc to rt>tatt. inside a case in a similar manner to 
the wheel referred to abo\L In dome so, it alternately dips the fibres into the d>e luiuor and lifts 
them out to dram The plan adopted by nearly all desifpiers of dyeing machines for lofise fibres, 
however, consists in placing the material in a perforated \essel or cage and forcing the d\e liquor 
through it by means of a circulating pump, or b> some other means In many marines the direc- 
tion of circulation can be reversed at will in order to ensure perfect uniformity of penetration As 
i rule cotton is packed in iri tighllv linn woid, and a grille r pressure of the circulating liquor is 
therefore neeess.irv 1 1*, 213 illustrates a simple nncliine for the d}eingof loose wool, etc The 
material to be d\id is ]3l ued 111 one iif the tubs ^ or #, of wliiili one may lie charged while dyeing 
is proceeding in the other I liese tubs arc fitted with a f dse Ijottom The dve liquor is made up 
and kept coniinu ill\ he iled in the tub a placid below and c The interior of the tub a is provided 
with a cataract pump wbieli delivers large volumes of liquor tliruugh the pipe » and the movable 



Fir 214 — Dyeing Machine for Loose Fibres (Obermaier Type) 
(Dehaitre.) 


connecting piece q The latter inav 1 h tumid so as to deliver on the top of the matenal contained 
in either of the d}e vats ^ or i 1 bis lujuid then runs lack again to the tub a through pipes fitted 
to the Attorn of h and c, thus producing continual circulation The goods are coverea by a sieve 
and a spreader for the dye liquor, and the vats a and b are kept covered dunng use Tins same 
apparatus may be provided with pipes to allow circulation of the liquid to proceed alternately from 
above and lielow 

A machine very frequently employed for the dyeing of loose cotton and wool is the Ohermaicr 
apparatus In machines of this type (big 214) the material is placed m a perforated drum, with 
a central perforated tube This drum is fitted inside the d>e tank proper, and can be removed at 
will for charging Circulation of the liquor is produced by means of a oentnfugal pump in the 
direction shown by the arrows 

Fig 215 shows a machine charged with cops u and cross wound bobbins V, which is also constructed 
in a slightly different manner for the dyeing of loose fibre Like the Oliermaier apparatus it consists, 
in the latter case, of a movable drum l for holding the material through which d>e liouor is forced 
by means of the pump G The drum is place*d in the dye vat B which has a detachable front In 
this apparatus the shell of the drum is not perforated, but it is divided into three compartments by 
perforated walls The central compartment serves for distributing the liquor, the outer two for 
holJing the fibre The pump is double acting, so that the direoition of circulation can be reversed 
at Will 



Dyeing Machines for Cops, Cheeses, etc. 
(Schirp.) 


Cops and cross-wound boV)l)ins maybe dyed l)y tlie “^packing” system in marliines similar to 
those used for loose cotton. In this case solid wooden skewers must l)e inserted to ])revi.'nt them 
from collapsing, and all spaces must be very evenly packed by means of some packing material such 
as loose cotton, etc. A method that leads to satisfactory results much more easily is the hollow 
perforated skewer system. In this system each cop or cross-wound bol)biii is placed on a perforated 
paper tube on a perforated spindle or skewer, and the dye liquor is forced or sucked through the 
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cop either directly by means of 
$L pump, or else compressed air 
or vacuum or steam is employed 
for this purijose. Fig. 216 illus- 
trates a machine of this type in 
which the cops or cross-wound 
liol)hins arc mounted on cylin- 
ders. In the machine already 
ilescrilH.'d, Fig. 215, they are 
inserted between two perforated 
metal plates, and Fig. 217 illus- 
trates a cop-dyeing machine in 
which the cops arc mounted on 
a square perforated plate. 

Washing. — After 
dyeing, the goods must in 
nearly all cases be washed 
in water. Machines of 
similar or of identical con- 
struction to those used in 
rlyeing may usually be eiii- 
pl<.)} ed. In all those cases 
already described in which 
the li(|uor is circulated by 
means of a pump, the dye 
liquor is usually simply 
withdrawn from the vat 
without removal of the 
goods and replaced by 
water. Most of the wash- 
ing machines described in 
the chapter on bleaching 



Fig. 217. — Cop-DMring Machine. 
(Whitehead & Poulc.) 


may also be employed by 

the dyer. In the washing of cotton fjiece-goods it is often desired to cause the 
scouring liquor to impinge with considerable force against the cloth. For this 
purpose so-oilled beaters may be employed. 'Phese may be described as scoops 
which rotate rapidly on the surface of the liquor and throw it with considerable 
fori\i against the cloth. Fig. 218 illustnites the action of such beaters, and b'ig. 219 
shows a washing machine fitted with beaters. In this figure a vertical drying 
machine is also shown on the right. It will be seen that the calico passes through 

various tanks over guide rollers alternately 
placed in and above the liquid. Squeezing 
rollers are provided. 

Drying. — 'Phe process of drying may be 
said to consist of two operations, firstly, the 
removal of as much water as possible by 
mechanical processes, and secondly, the i-vii- 
poration of the remaining moisture. 'Phe 
former operation may lie carried out by 
s(|iiee/ing or wringing. A more thorough 
method for the mui'li.iiiical r«*iin»val of liquid, 
however, consists in throwing off the dro])s by 
centrifugal force. For this purpose? so-called 
hydro-extractors are employed. 'I'hese are 
rnar’hines which consist essentially of a ])i?r- 
foraled metal cage for holding the g(jods, 
which can hi? rotated very rapiilly around a 



(Farmer.) 


vertical axis by an electric motor or otherwise 



Fig. 219. — Washing Machine and Vertical Drying Machine. (Farmer.) 
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(see Figs. 220, 64, 65). The 
liquid is collected in a casing 
which usually forms part of the 
framework of the machine. 

For the final drying of the 
fibres by evaporation, artificial 
heat is usually applied, although 
drying at ordinary temperature is 
sometimes carried out. 

Loose fibres are usually dried in a 
machine consisting essentially of a cham- 
ber through which the fibres travel on an 
endless band, meeting a countercurrent 
of hot air during their passage. 

Yarn is usually dried by suspending 
the hanks on poles or movable frames in 
specially constructed drying ovens through 
which a slow current of hot air is passed. 
Cops and cross-wound bobbins may lie 
dried in a similar manner, or else the 
suction drying system may be em|)loyed 
particularly in conjunction Nvilh the 
machine shown in Fig. 217. The cops 
are left on the cylinders which are put 
in special machines in which hot air can 
be drawn through the cops. 

Cloth is usually dried by passing it 
face upwards over steam-heated rollers 
(see Fig. 219). The final drying is fre- 
quently carried out in stentering machines 
(Fig. 221). In these the cloth which 


Fig. 220. — Hydro-Extractor. 
(Dehaitre.) 



has shrunk slightly in the processes of 

dyeing is brought back to its original width by stretching slightly. For tins purpose the moist 
cloth is passed between two moving endless chains which grip it at the selvedges by means of clips. 
Tliese chains are not parallel hut diverge slightly so that the cloth is stretched during its passage 
between them. At the same time it is dried by hot air drawn over steam pipes. 



Fig. 221. — Clip Stenter with Hot-Air Drying Arrangement. 
(Whitehead tS: Toole.) 


544 imUSmUL CMm/2>TJiY 

Before leawng the subject of dyebg naichmeiry, ft bncf r^erence ihbst be »B«de io 
the ag«rs eioployed pwtjculariy in the devetopment of anuitie bUtcfe, pp 480, 556 
(and ftbo for the flxaticm of printed colour*) These ctaiftist of chambers contftming 
a hot iMniosphere heavily tmrged with steftm m which the cotton cloth esn be 
hung or through vduch it can be passed continuously over rdlers Fig 22a 
lUustmtes a. rapid for amhne black It fa fitted with heating coils and a 
perforated pipe for the supply of st«m, The roof and the guide roTlers nm the 
common inlet and exit of the cloth are heated by steam to prevent the formation 
of drops of water which would sml the goods 


Direct Dyes 

The simplest dyes, from the dyer’s point of view, are those which are taken up 
directly from beir solutions by the fibre 

Direct Cotton Dyes — During the last three decades n large number of 
direct cotton dyes have been put on the market The dyes of this class appear 
to belong to a few well-defined groups of chemical compounds We have firstly 
the congo-red group, the members of which contain the tetra^o grouping of atoms 



FlO aaa —Rapid Ag« (Mather & Platt) 

{Zn— N— ' pnmultm groups which appear to have the radicle 

-O — m common, and thirdly, vanous dyes, which may be classed as dt- 

stilbem-anfhdyes Most of these dyes are also taken up by woo! and but 
a few, notably members of the last named grou)^ hardly d)e the animal fir^ at 
all The direct cotton dyes are thus of particularly great importance m the dyfcing 

of union goods, satms, etc . , ^ u .1. .1. .u 

i'he fact that these substances are not mken out of the dye-bath with the same 
degree of avbity as direct dyes for wool and silk, and that the pweess of absorption 
fa a mote or less reversible nature, has already been referred to m the Introduction, 
On account of these arcumstantes they eminently show the desirable pwperty W 
level dyemg,” but also exhibit to a marked ext«it an undesirable tendency tosmrds 
« bleeding ” ^ ” rmmm." U follows idso that they mast be dyed from as concen- 
trated ablution as possible (weight of solution, say^ ten to fliirty times that bf the 
cottem), and varying quantides of s^ts, such a* sodium sulphate ra common salt, are 
added to aid In dje exhaustion of the dy® bath, Since these colours arc dyed m a 
neutral or alkaline baib, and most of «Ksm are, preci^tated by lime or m^sift, 
fa fa nec«Baiy to soften hatd wm before me ' ’J£>is is most convoment^ done by 
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boiling with a small amount of soda ash. As a rule the goods are entered at medium 
temperature, and dyeing is carried on at the boil, but dyeing at low temperatures 
is also sometimes earned out The dye baths are not exhausted, and may be used 
over again after making up to strength by the addition of the necessary amount of 
dyestuff 

The following are two of the processes which may be employed : — 

I Process at Boiling Temperature —Work the cotton at the boil for one to one and a half 
hours, adding 5-30 per cent (on weight of cotton) of crystallised Glauber’s salt, or 2J-10 lbs of 
common salt 

The salt aids in the exhaustion of the bath but rather hinders boiling, and if difficulties are met 
with in this respect its quantity must be reduced, or it must be replaced by soap, turkey red oil, etc 
After removal from the bath the goods are wrung and then rinsed in cold water, soda solution, or 
turkey red oil 

2. Cold Bath — Stir the dyestuff with an equal weight of caustic soda solution of sp gr 1.35-1 38 
(70-76® Tw ), and dissolve the whole in boiling water Enter the cotton into the batn when cold or 
lukewarm and dye with the addition of a little soap and, if necessary, Glauber’s salt. 

The following are some of the names and prefixes employed by various firms to 
indicate their direct cotton colours Benzo-, Congo-, Diamine, Union, Direct, 
Purpunne, Diamol, Chlorazol, Ingrain, Sultan, Titan, Primulme, Sulphine, Oxamine, 
Pyramine, Thiazine, Phenamine, Chrysamine, Oxyphemne, Chrysophemne, Curcu- 
phenine, Zambesi, Chicago, Columbia, Hessian, Triazol, Toluylene, etc. 

After-treatment of Direct Cotton Dyes. — The direct cotton dyes are 
eminently suitable for after-treatment on the fibre, whereby not only new shades 
are produced but very much faster colours are obtained 

Basic dyes may be dyed upon them as on mordants (p 549), or they may be converted into new 
“ in^am ’’ colours by the process of diazotising or coupling (pp. 442, 450, 478, 558) 

Many of them are also greatly improved by after-treatment with metallic salts, such as copper 
sulphate, chromium salts, and the bichromates of sodium and potassium (p 553) 

Another method of after-treatment which has a maiked effect on the fastness to washing and 
milling of certain dyes consists in working the dyed cotton for about half on hour at 60® in a bath 
charged with 1-3 per cent formaldehyde (40 per cent ) 

Wool and Silk are both frequently dyed with the direct cotton colours, the 
former m neutral or very feebly acid baths containing Glauber’s salt at boiling 
temperature, the latter in a neutral boiled off liquor bath, the fibre being entered 
at lukewarm temperature and the bath being gradually taken to boiling temperature 
After dyeing has proceeded for about an hour, the bath is usually made feebly 
acid with acetic acid to aid exhaustion 

The dyes may be subjected to after-treatment as on cotton, and the silk is finally brightened by 
passing through a very dilute solution of acetic or tartaric acid * and dried without washing 


Sulphur Colours 

The sulphide or sulphur colours which have become of great importance in 
lecent times for obtaining fast shades on cotton or other vegetable fibres, form a 
group of dyes that are obtained by fusing sodium sulphide, or a mixture of sodium 
sulphide and sulphur with various organic substances. They are insoluble in water 
and are dyed from a solution in sodium sulphide Many of them are reduced by 
the bath and presented to the fibre as more or less coloured leuco compounds, 
being afterwards oxidised by contact with the air. They will readily dissolve in 
alkaline reducing agents, and may occasionally be dyed in the vat like indigo. 


* The brightening of silk by treatment with acid is due to the fact that silk absorbs acid and 
retains it tenaciously, whereby its lustre is increased and it acquires the property of emitting a 
crackling sound called the scroop of silk when it is twisted and pressed together. The rustling ot 
silk garments is doubtless due to this property Tartaric acid being retained more permanently than 
the other acids, is the most efficient, but the most expensive of the acids employed. 
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They may be employed for dyeing artificial silk and also silk and wool, but the 
animal fibres, more especially wool, are liable to attack by the alkaline sulphide 
solutions unless protected by special previous treatment. The dyes are occasionally 
employed in the dyeing of unions. These colours are distinguished by ^ood 
fastness to light, washing, cross-dyeing, etc., and they do not bleed like the direct 
cotton colours. 

It has occasionally been observed that the cotton fibre has become tendered on storing after 
dyeing with the sulphur colours, and this has always been associated with the formation of sulphuric 
acid. When this difficulty occurs, it is best met by subjecting the cotton to an after-treatment with 
a feebly alkaline substance, such as soap, sodium acetate, or carbonate. A very suitable process 
appears to be that recently patented by Holden, in which calcium tannate is deposited on the fibre 
after dyeing, by steeping the material for a few minutes in tannic acid at about 40® C., squeezing, 
passing through limewatcr, and washing. The calcium tannate being insoluble has the advantage 
of not being liable to be removed on washing like the feebly alkaline substances mentioned above. 
After dyeing, the material should in all cases be wrung well and rinsed thoroughly. 

In dyeing with these colours, vats made of wood or iron may be employed. 
Copper or any alloys containing this metal must be carefully excluded, as this metal 
goes into solution rapidly in the sodium sulphide solutions, and the copper com- 
pounds formed, lead to oxidation of the dyestuff and irregular dyeing. The fibre 
should be kept submerged, and yam may conveniently be dyed on bent iron pipes, 
the ends of which have been wrapped round with cloth. 

The dyestuff, to which has been added about three or four times its weight of crystallised sodium 
sulphide and some soda ash, is dissolved in a small amount of boiling water with stirring, and the 
solution obtained, is added to the bath, which usually contains an amount of water equal to about 
twenty to thirty times the weight of the cotton. The amount of soda ash employed is about 5 per cent, 
of that of the cotton, and the bath contains 10-60 per cent, (on the weight of the cotton) of common 
salt according as a light or dark shade is requir^. For dark shades the cotton may be entered at 
boiling temperature, turned several times, and allowed to steep for several hours. For lighter shades 
a lukewarm or even a cold solution may be employed and a shorter time is requisite. Turkey red 
oil is sometimes added to the bath to secure more even dyeing. Certain sulphur dyes, such as the 
kryogene blues, must be developed by oxidation in air at a high temperature in the presence of 
moisture, by steaming in the presence of air, or by storing in a damp warm place. 

An after-treatment with oxidising metallic salts, viz., with a solution containing, say, 2 per cent, 
of potassium bichromate, 2 per cent, of copper sulphate, and 3 per cent, of acetic acid on the weight 
of me cotton at about 70® C. improves the fastness of some of these dyes. 

Like the direct cotton colours they act as mordants for basic colours, and many 
of them may be coupled with diazo solutions (p. 558). The first dye of this 
description known, viz., Cachou de Laval, was discovered a considerable number 
of years ago. The following are some of the names employed by various firms to 
indicate the newer sulphide dyes: Amidazol, Crossdye, Immedial, Katigene, 
ICryogene, Pyrogene, Sulphur Thiogene, Thion, Thionol, Thioxine. 

Natural Direct Dyes for Cotton. — Several natural dyes, such as turmeric, 
safflower, and annatto, are direct dyes for cotton. 


ACID DYESTUFFS 

This class comprises all those dyestuffs which are of an acid nature. It is 
obvious that some of these colours may belong to the class of direct cotton dyes, 
others may often be employed in conjunction with mordants, and thus the various 
classes of dyes merge into each other. The acid dyes are either nitro compounds 
or sulphonic acids, and in nearly all cases they are sold in the form of sodium or 
occasionally calcium salts. In many cases they have been obtained from basic 
dyes by introducing the sulphonic group of atoms. 

Cotton. — Generally speaking the acid dyes will only stain cotton and other 
vegetable fibres very slightly, so that only very light ^d fugitive shades can be 
obtained by direct dyeing even when concentrated Imths are employed. The results 
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are somewhat better when the dyes are used in conjunction with gelatine or basic 
mordants, such as alumina or stannic oxide, but even so, the shades obtained are 
not fast to washing. 

Wool. — The acid dyes are of the very greatest importance in the dyeing of 
wool. The wool is always dyed at boilmg temperature, and a quantity of sulphuric 
acid IS usually added, which is very much m excess of what is required to liberate 
the free colour acid from its salt That the object of this acid is to produce 
lanugmic acid from the wool, which latter substance is primanly dyed, has already 
been mentioned m the Introduction. The mineral acid might thus be termed a 
“ mordant ” (/.^., biting agent), using the word in the significance in which it was 
originally, though wrongly, employed by the dyers of former times 

Sodium sulphate or bisulphate is nearly always added as a levelling agent, since this substance 
appears to have a slight solvent action on the dye taken up by the fibre, thus removing it from those 
places in which it may have been deposited in excess, and generally retarding the operation of dyeing 
When dyestuffs are employed which dye with exceedingly great rapidity, the sulphuric acid is replaced 
by acetic acid or by ammonium sulphate or acetate, substances which slowly become acid in the 
boiling bath owing to the expulsion of ammonia In certain cases, particularly in the dyeing of 
unions, a boiling neutral bath is employed Stannic chloride or alum is sometimes added in small 
quantity ; tin oxide or alumina will thus be deposited on the fibre from the boiling bath, and by 
taking up colour from the solution increase the brilliancy of the shade Certain acid dyestuffs, viz., 
the alkali blues, are not soluble in dilute acids and must be dyed from a feebly alkaline solution 
The wool IS afterwards treated in a hot bath containing dilute sulphuric acid. The colourless sodium 
salt which is originally taken up is thus converted into the blue acid 

The following may be taken as an example for the dyeing of loo kg. of wool 

Employ a bath (5,000-10,000 1 ) containing 1-4 kg. of concentrated sulphuric acid, 10-20 kg. 
of Glaubers salt crystals and the requisite amount of dyestuff, enter at about 70* and heat to the 
boil, leaving the wool in the boiling bath for about an hour 

Silk — The acid dyes are of considerable importance in silk dyeing, although 
they are not fixed so well as on wool 

A bath is usually employed containing 20-30 per cent, (on volume of bath) of boiled-off liquor, 
which IS slightly acidulated with sulphuric or acetic acid The silk is usually entered at lukewarm 
temperature and dyed slightly below boiling It is then washed with water and brightened by 
means of sulphuric, acetic, or tartaric acid, and dried without further washing * 

The following are a few of the more important names met with among the acid 
dyes • Naphthol yellow, Tartrazm, Fast yellow, Tropaeolin, Brilliant orange, Bnlliant 
scarlet, Xylidine scarlet, Biebnch scarlet^ Crocein scarlet, Fast red, Archil substitute, 
Orseillin, Acid magenta. Acid eosin, Acid rhodamine. Acid phloxin. Acid violet. 
Alkali violet, Sulphone azurin, Alkali blue, Soluble blues, Patent blue, Cyamne, 
Soluble induline and nigrosine, Naphthazine blue. Wool green, Naphthol green, 
Fast brown, Orcellin, Naphthol black, Naphthylamine black, Sulphone black, 
Wool black, Biebnch patent black. 


BASIC DYES 

This important class, which comprises some of the most brilliant and beautiful 
colours known, consists of coloured salts of colourless acids and organic colour 
bases When the animal fibres are dyed by these subtances, only the base is taken 
up in a coloured form, as explained in the introduction, the acid being left behind 
in the bath. 

Cotton. — Cotton is nearly always dyed with the intervention of an acid 
mordant, and the processes employed will, therefore, be considered later in con- 
junction with those used for mordant dyes (pp. 548, 550). 


See note, p. 545, also see p. 518. 
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Wool.— Although not so important as the acid dyes on account of their 
fugitiveness, yet the basic dyes still possess a considerable amount of importance 
in the dyeing of wool. They are in most cases dyed from a very feebly acid bath, 
but a soap bath is also sometimes employed when very soft water is available. 
That hard water must be feebly acidified, preferably by acetic acid, has already 
been mentioned under the heading of Water. No other addition is made. 

The bath is usually started cold and gradually raised to the boil Dyeing is continued until the 
bath is exhausted, which sometimes takes place before boiling. The goods are well washed after 
dyeing Owing to the great tinctorial power of these dyes a very small amount is usually sufficient, 
) per cent on the weight of the wool usually producing a medium shade The colours should be 
filtered through cloth before adding to the dye bath as a precaution against the introduction of 
undissolved particles 

Silk — On account of their brilliance the basic dyes play an important part in 
silk dyeing in spite of their fugitiveness as a class A neutral or slightly acid bath 
may be employed consisting of one-third boiled-off liquor and two-thirds water 
The same general precautions must be taken as in the dyeing of wool 

The silk IS usually entered cold and the temperature gradually raised to a little under boiling 
After dyeing, the fibre is rinsed and brightened by means of tartaric or acetic acid * 

A bath containing about I J-2 per cent (on the weight of the silk) of soap is frequently employed 
for dyeing pale shades at a temperature of 30**40® C (8$®- 105* F ) 

The ibllowing are a few of the best-known basic colours Magenta, Safranine, 
Magdala red, Chrysoidine, Phosphine, Auramine, Methyl green, Malachite green, 
Diphenylamme blue, Victoria blue, Methylene (ethylene) blue, Meldola’s blue, 
Nile blue, Indulines and Nigrosmes, Methyl violet. Crystal violet. Mauve, Bismarck 
brown. Fast black 

The rhodamines, including irisamme, etc , also belong to this group, and the 
weakly acid eosins, mcluding erythrosin, phloxin, rose bengal, may be dyed by 
similar methods. 


MORDANT DYES 

The mordant dyes are basic or acid substances which are not fixed on the fibre 
directly, but are caused to combine with a compound of an acid or basic nature 
termed a mordant which has usually been previously deposited on the fibre The 
compound formed is termed a colour-lake 

Some dyes, such as alizarin or logwood, are only feebly coloured before combination, and )neld 
different shades with different mordants These are termed polygenetic Others have the 

property of dyestuffs before combination, and their lakes do not usually differ much firom them in 
colour. These are “ monogenetic ” dyes 

Acid Mordants. — These mordants are of the greatest importance for the 
fixation of basic dyes, particularly on cotton. They are also frequently employed 
m order to fix basic mordants on other fibres, and in silk weighting. The most 
important are the tannins and the oil mordants 

The tannins t form a class of compounds which are distinguished by the fact that they are taken 
up readily by the animal skin, causing it to be tanned. Most of them are colloids, and their more 
important properties are doubtless closely connected with this circumstance They will combine 
with basic dyes producing compounds insoluble in water but soluble in an excess of tannic acid. 
When brought together with salts of heavy metals containing a feeble acid a precipitate is formed 
containing the metal oxide and the tannin. This precipitate which is insoluble in tannic acid is 
probably what is termed a colloid compound, 1 ^., a compound produced by the phenomenon of 
** adsorption ” between a colloid bearmg a positive and a colloid bearing a negative electric charge 
when in solution These precipitates have the property of combining with basic dyes, forming the 
coloured so-called “triple” compounds which constitute the lakes employed in dyeing cotton with 
basic dyes. 


See p. S4S. 


t See also pp. 490 and 573. 
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The most important tannm is tannic acid or gallo-tannic acid, a sabstance obtained commercially 
on the large scale by the extraction of nut galls. This substance should be exclusively employed for 
dyeing pale shades on cotton , for dark shades the more or less coloured extracts of the following 
substances containing tannm may be employed — ^sumach, myrobalans, divi-divi, valonia, chestnut, etc 
The bath is prepared according to the amount of colour to be fixed with quantities of tannic acid, 
varying, say, from J-8 per cent, on the weight of the cotton, allowing sufl&cient water to work Ae 
material conveniently. For pale shades the material, which must have been carefully freed from 
air by boiling out, is worked for a half to one hour in the bath ; for darker shades the material may 
be entered at boiling temperature and then allowed to steep in the cooling bath for twelve hours. 
It IS then worked in a tartar-emetic bath containing, according to the amount of tannin to be fixed, 
J-4 per cent (on the weight of the cotton) of tartar-emetic for about a quarter of an hour The 
insoluble antimony tannin compound referred to above is thus produced. The excess of antimony 
salt must be very carefully washed out or preferably removed by passing the dyed goods through 
another tannin bath. Aluminium, iron, or stannic salts are also employed for the fixation of tannic 
acid. 


Turkey-red oil, Alizarin oil, Sulphated oil, Soluble oil,* are names 
applied to another class of acid mordants which are sometimes employed for fixing 
basic dyes on cotton Their principal importance, however, lies in their application 
to the fixation of basic mordants in turkey-red dyeing As will have been seen 
from the prescriptions given for dyeing with various direct dyes, turkey-red oil is 
also frequently employed as an assistant in the place of sodium sulphate where 
difficulties are met with in obtaining level shades 

Turkey-red oil is formed by the action of concentrated sulphuric acid at medium temperatures 
on various oils, such as olive oil, cotton-seed oil, and castor oil The last-named is by far the most 
mportant The products formed are distinguished by the fact that they are soluble in water, while 
they retain to a certain extent the properties of tne oils from which they have been produced 
Chemically, turkey-red oil is ptobably a mixture of various primary ethereal salts of sulphuric acid 
It has the great advantage over ordinary soap that its salts with the alkaline earths are not sticky 
substances but fine powders which have no tendency to cause uneven dyeing 

In mordanting cotton, the material may be saturated with a solution contaming 
50 g of turkey-red oil per litre, wrung, dried, and then treated for half an hour in 
a tepid solution of aluminium acetate of sp gr. i 015 in order to fix the mordant 


Dyes as Mordants — The fact that basic dyes may be dyed on cotton on 
other dyes, which may thus in a certain sense be considered to be acid mordants, 
has already been referred to (pp. 545, 546) 


Dyeing Basic Dyes on Cotton — The basic dyes are usually dyed on 
mordanted cotton in the cold or at temperatures up to about 70*. A feebly acid 
substance, such as acetic acid or alum, is usually added to retard dyeing in order that 
even results may be obtained, and the dye solution is usually added during dyeing 
in intervals of about a quarter of an hour in about three or four portions The 
operation is usually started in the cold and completed at about 60® C 

Catechu t — In conjunction with the tannins reference must here be made to the 
exceedingly important natural dyes, catechu or cutch and gambler. These sub- 
stances contain varying amounts of a tannin called catechutannic acid and a white 
crystalline substance known as catechin. In addition they contain a brown dyestuff 
formed by oxidation of the preceding 

Cutch and gambler are employed largely in cotton and to a certain extent also in wool dyeing 
The material is usually immersed in a boiling bath of the dye containing about 10 per cent of 
copper sulphate (of the cutch employed) The latter acts as an oxidising agent and probably also 
as a mordant The material is then allowed to steep for several hours and afterwards treated with 
a hot bath contaming about 2 per cent, of dichromatc This substance effects a further oxidation 

Catechu and gambier are also used in large quantity m silk weighting 


Seep 43 - 
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Dyeing in Conjunction with Basic Mordants 

Nearly all insoluble metal hydroxides may be deposited on the textile fibres as 
mordants, for the purpose of obtaining colour-lakes with various dyes. A brief 
survey of the more important methods employed for the various classes of fibres, 
and a short reference to the dyes used, some of which are among the most important 
known, is all that can be attempted here 


Wool — Wool is capable of dissociating the salts of heavy metals at boiling 
temperature, taking up both the metal hydroxide or a basic salt and the acid, the 
former in an insoluble form, the latter in a form in which it can be washed out by 
water This fact is made us^ of in the mordanting of wool It is necessary to 
employ such salts as are not dissociated hydrolytically by the boiling water to an 
appreciable extent or else to hinder this dissociation by the addition of suitable 
substances The deposit of metal hydroxide formed would otherwise not be held 
fast by the fibre Thus in mordanting with aluminium sulphate it is necessary to 
make an addition of sodium bisuiphate, sulphuric acid, or preferably of cream of 
tartar or of some other substance of an acid nature 

The following prescription for alumina may be taken as an instance of the mordanting with salts 
such as aluminium sulphate, chromium fluoride, ferrous sulphate, etc Employ a bath containing 
about 8-10 per cent of alum and 24*5 per cent of tartar (on the weight of the wool), enter at a low 
temperature, heat gradually to boiling and maintain at the boil for about half an hour. After cooling, 
the wool IS thoroughly washed or preferably boiled in water to remove as much of the acid as 
possible It is then dyed without allowing it to dry. 

A very important mordant for wool that calls for a few special remarks is 
potassium (or sodium) bichromate (bichrome or chrome). The substance to be 
deposited on the fibre in this instance is chromic oxide, and reduction of the 
chromate originally taken up is therefore necessary When chromate alone is 
employed, this reduction is probably effected to a small extent by the wool itself 
The latter, however, still shows the yellow colour of chromate on leaving the 
mordanting bath, and the pnncipal reduction no doubt takes place in the dye-bath 
later on. 

It will be readily understood that care is necessary in the use of this mordant owing to its oxidising 
properties in order that “ overchroming ” of the wool may be avoided. According to Knecht, the 
chromate is taken up by the wool as chromic acid, and the bath consequently shows a tendency to 
become alkaline If used over again it should therefore be made up to strength by the addition not 
only of bichromate, but also of the necessary amount of sulphuric acid. 

For high-class goods bichromate is frequently employed in conjunction with 
reducing agents, of which cream of tartar, oxalic acid, formic acid, and lactic acid 
are the more important 

The following may serve as a prescnption for the mordanting of wool with bichromate. Boil 
the wool in a bath containing 2-4 per cent bichromate (of weight of wool). Water, fifty to a hundred 
times the weight of the wool Time, one to one and a half hours ; then wash with water and dye 
without drying. 


Basic Mordants for Silk. — Silk is usually mordanted at medium tempera- 
tures at which the metal salts employed are not decomposed by the fibre. It thus 
becomes necessary to pass the latter through the solution of a fixmg agent, such as 
sodium silicate, which deposits an msoluble basic precipitate on the silk. Instead of 
this, the fibre may m many cases simply be washed very thoroughly with water, which 
produces an insoluble precipitate by the process of hydrolysis. In the mordanting 
of silk with iron and tin salts tannin is usually employed as a fixing agent A soap 
bath also has a similar effect By passing the fibre alternately through baths con- 
taming the metal salt and the tannin extract, the fibre may be “ weighted ” up to about 
four times its weight with the metal tannate. This fact is made use of in dyeing 
silk with heavy logwood blacks. 
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Basic Mordants for Cotton —Although cotton may absorb a certain 
amount of metal salts, it can in no way decompose them Either a salt such as 
the acetate must be employed which can be decomposed or hydrolysed by heating, 
yielding a basic salt; or else a fixing agent, / ^ , a substance which yields a precipitate 
of basic properties when added to a solution of the salt in question, must be 
employed 

In the former case the impregnated goods are subjected to the process of “ age- 
ing,” which consists m exposing them to a warm moist atmosphere. 

In the latter case the cotton may either be treated with tannin or some other 
acid mordant taken up directly by the fibre and then be passed through an alkaline 
bath and through the metal salt solution, or else the matenal is first passed through 
the metal salt solution and then treated with a fixing agent, such as ammonia, caustic 
soda, chalk, sodium carbonate, silicate, phosphate, or arsenate, which yields a pre- 
cipitate of strongly basic properties by interaction with the salt in question 

When employing turkey-red oil or tannic acid, the cotton is first impregnated as 
described under acid mordants, it is then usually passed through clear lime water 
to neutralise the acid and afterwards worked in the salt solution for about an hour. 
It is usually finally passed through a weak soap bath, thoroughly rinsed in water, 
and then dyed. 

When one of the alkaline fixing agents indicated above is employed, the cotton 
is usually treated for several hours with the mordant solution, wrung out, dried at a 
low temperature, then worked for about half an hour in the solution of the fixing 
agent at medium temperature, thoroughly washed, and then dyed 

The Dyes 

Although mordant dyes, both natural and artificial, are among the most important 
known, yet all that can be attempted here, is a brief enumeration of them, and an 
indication of the mordants with which they are applied. 

Logpwood — This substance consists of the heart-wood of a tree known 
botanically as Hamatoxylon campechtanum which grows in various parts of America. 
The wood is subjected to a process of fermentation and oxidation called “ ageing ” or 
“ maturing,” durmg which a glucoside onginally present in it is decomposed into a 
sugar and a substance called haematoxylin The latter on oxidation yields a body 
named hsematein which is the colouring pnnciple of logwood. The dye is bought 
by the dyer either as chips, as decoctions, known as logwood liquor, or as extract, 
i,e , a paste obtained by evaporatmg the decoction In the former case it is extracted 
by the dyer himself by means of boiling water Logwood is employed for dyeing 
both vegetable and ammal fibres, and its importance lies chiefly in the production 
of fast blues and blacks on the latter (see also pp 484, 490). 

When employed for dyeing blacks on cotton it is usually applied in conjunction 
with an iron mordant fixed by tannin 

The following prescription may serve as an example. Work the cotton m a cold infusion of 
about 30-40 per cent of sumach (of weight of fibre), allow to steep for several hours, and without 
washing work for about half an hour in a cold solution of nitrate ” of iron (r e , ferric sulphate), 
sp gr I 01 -1. 02, treat with a cold chalk bath to remove excess of acid, and wash thoroughly. Dye 
in a bath containing logwood and a little fustic (say 8 per cent, solid logwood extract and per 
cent of fustic extract of sp. gr 1.25), then treat with a bath of about li per cent copperas, or with 
a warm bath containing potassium bichromate (say 4 g per litre) in order to remove the excess of 
logwo<^. Then work in a solution of soap, say 5 g per litre, at a moderate temperature, squeeze 
and dry. 

Chrome blacks may also be obtained on cotton ; a purple is obtained by means 
of a tin, a blue by means of a copper mordant. 

Wool is dyed black by means of either an iron or chrome mordant 

The following prescription may serve as an example. Mordant in a bath containing 3 per cent 
potassium bichromate, 8 per cent tartar, and $ per cent sulphunc acid (of weight of wool) at boiling 
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temperature for about an hour, wash well and dye in a boiling bath prepared from 50-80 per cent 
logwood and 5-10 per cent fustic for about an hour, having entered the wool at about 80*^0 An 
addition of about 5 per cent alizarin improves the fastness of the shade to light. Then fix the excess 
of logwood taken up in a finishing bath containing about i per cent of potassium bichromate at 
about 80* C. Wash and dry 

In order to produce logwood blues on wool, smaller quantities of dye and mordant are employed, 
and the fustic is omitted in the dye bath 

Silk — Logwood blacks play an important part in the dyeing of silk As a rule 
the logwood is dyed on an iron tannin mordant, and other substances are incorporated 
with the dye, allowing it to weight the silk up to about 400 per cent. 

The following prescription, by means of which iron tannate, tin tannate, Prussian blue, catechu, 
and logwood are all fixed on the fibre, allows a weighting up to about 100 per cent and may serve 
to illustrate the process 

Mordant with basic ferric sulphate, then soap. Repeat these operations one to eight times, 
according to the amount of weighting desired ; dye Prussian blue by means of potassium ferro- 
cyanide, treat with a catechu bath (100- 150 per cent ) containing 10-15 per cent stannous chloride 
at 60®-^® C Treat with a second catechu bath containing no tin (100-200 per cent catechu), 
mordant with pyrolignite of iron Dye with logwood and soap. Brighten 

The following natural mordant dyes can only be leferred to : Fustic (young 
fustic) and Quercitron bark (yellow on chromium mordant), Weld (yellow on 
chromium, aluminium, tin, — olive or olive-yellow on iron and copper mordant), 
Persian berries (yellow or yellowish olive on tin, copper, aluminium, iron , — brown 
on chromium mordant) , Saunders wood, barwood, camwood (red to brown according 
to mordant); Cochineal, Kermes, and Lac dye (scarlet and crimson on tin and 
aluminium mordant) (see also Natural Dyes, p 483) 

Alizarin — This exceedingly important dyestuff, which constitutes the principal 
colouring matter of madder, is at the present time obtained practically exclusively 
by artificial means from coal-tar (p 45 f) The two substances, isopurpunn and flavo- 
purpunn, are present in varying amounts in different brands of the commercial article 
and affect the shades of the dyed material to a certain extent. Alizarin is put on the 
market as a paste containing 20 or 40 per cent of the dyestuff or as a powder 
containing from 80 per cent upwards Its most important application is the 
production of turkey red on cotton 

It would be beyond the scope of this article to give a full account of turkey-red 
dyeing, but it may be stated briefly that the production of this exceedingly brilliant 
and fast colour is based on the formation of an exceedingly complicated aluminium- 
calcium lake of alizarin which contains also a certain amount of tannin and oil 
The latter is a decomposition product obtained by using either olive or turkey-red 
oil In addition the lake often contains stannic oxide m small quantity The 
following enumeration of the operations carried out in one of the simpler processes 
of turkey-red dyeing will give a general idea of the complicated nature of the 
method 

The cotton (3CX> kg ) is first freed very completely from fatty and resinous matter by “ bowking,” 
or boiling under a pressure of 2 atmospheres with caustic soda solution of sp. ct. i 005 for four or five 
hours (p 521) It is then treated successively three times with turkey-red oil and dried at 7o®-75® C 
after each treatment The baths employed for this purpose are “standing” baths, and are freshened 
up as follows • The first oiling bath is freshened up with 22 kg acid oil, 5 kg. ammonia, and 
22 I of potassium carbonate solution of sp. gr. i 26, temperature 40®-45® C. (For a fresh bath 
two and a half times these quantities are needed ) Second oiling bath like the first ; the third 
oilmg bath is freshened up with 20 kg acid oil and 44 1 . potash solutions. After drying, the cotton 
IS now steeped for eight hours m water of 30®-35® C , hydro-extracted and again stoved at 7o®-75® C. 
It IS now ready for the alum mordanting bath, which is freshened up with 50 kg. aluminium sulphate, 
4.25 soda crystals, the same amount of chalk, and i kg of tannic acid. The cotton remains m this 
bath for fifteen to twenty hours, is well rinsed and then passed wet into the dye bath. The latter 
contains a^ut 20 kg alizarin, 300 g. tannic acid, and about z kg. chalk. The material is first 
treated in the cold bath for an hour ; uie latter is then slowly heated to boiling, and afterwards boiled 
for about an hour. The material is then subjected to two successive processes of cleanng by boiling 
first for three hours at atmospheres pressure with a solution containing 3-4 kg. of soda, then 
nnsing and finally boilmg at ij atmospheres with 8 kg. soap, i kg. soda, and ^oo g. of tin crystals 
(stannous chloride). It is then nnsed and dried in t^e air 
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Alizarin is also dyed on cotton with chromium mordants for claret red and 
maroon shades, and on iron mordants for very fast violets 

Wool is dyed with alizann on aluminium, chromium, iron, and tin mordants , 
red, maroon, violet, and orange shades respectively are thus produced The 
mordants are applied as previously described 

In conjunction with the aluminium mordant lo lbs of 20 per cent alizarin paste, 2 lbs of 
calcium acetate, i lb of soap, and J lb of tannic acid may be employed per 100 lbs of wool The 
latter is introduced into the cold bath, which is then heated to boiling and kept so for an hour and 
a half The mordant and the dye are sometimes dyed simultaneously from the same batb where 
only light shades are required (single bath method). 

Silk may also be dyed with alizann on aluminium, chromium, and iron mordants 
About 20 per cent, of alizann is required for a full shade 

Other Mordant Dyes. — The following are the names of some of the dyes 
which are dyed with mordants and are often termed alizarin dyes, although they 
are by no means all of them derivatives of alizann Alizarin bordeaux, Alizann 
maroon. Alizarin orange, Resoflavin, Alizarin yellow, Galloflavin, Anthracene brown, 
Alizann green, Emeraldol, Anthraquinone green, Coerulein, Alizann blue. Brilliant 
alizarin blue. Alizarin indigo blue. Alizarin sky blue, Cyananthrol, Anthraquinone 
blue, Gallocyamne, Gallazine, Phenocyanine, Crumpsall fast blue. Alizarin cyanine, 
Alizarin cyclamin, Ahzann heliotrope, Anthraquinone violet. Anthracene violet, 
Alizarin black (see pp 451-454) 

In wool dyeing the order of operations is often in\erted, t e , the wool is first treated (“stuffed”) 
with the dye ana then saddened ith the mordant This procedure is particularly suitable for a 
class of dyes of a strongly acid nature known as aad chrome colours which nave recently been placed 
on the market In this case both operations are carried out in the same vessel (single bath process) 
The dye is first practically exhausted from the bath, and then 4 2 per cent of bichromate, according 
to the depth of shade, is added and dyeing continued at the boil for half an hour to one hour longer, 
after which the wool is washed and dried Chromium fluoride may be employed instead of bichromate 
with those dyestuffs which will not resist the oxidising action of the latter The following are names 
under which this class of dyestuff is sold by various makers Chrome, Add anthracene. Acid 
alizarm, Diamond salicme, etc. 

After-treatment of Cotton with Metallic Salts — Before leaving the 
subject of mordant dyes reference must be made to the after-treatment with metallic 
salts of cotton dyed with the direct and sulphur dyes-(p 545) These salts no doubt 
act as mordants, although in some cases an oxidising effect exerted by them may 
also be of importance Copper sulphate, chromium fluoride, and potassium 
bichromate are the most important substances employed for this purpose The 
following prescnptions will illustrate the process — 

Rinse the cotton well and treat with a cold or tepid solution of 2-4 per cent of copper sulphate 
(on the weight of the cotton) for fifteen to thirty mmutes , or else with a solution containing 2 per 
cent. CuSO^, 2 per cent bichromate, and 3 per cent acetic acid of 30 per cent strength under the 
same conditions ; or else boil for half an hour m a bath containing 3-4 per cent, chromium fluoride 
and 2-3 per cent acetic acid of 30 per cent strength. 


VAT DYES 

Many dyestuffs are converted by reducing agents {i ,€ , compounds capable of pro- 
ducing nascent hydrogen or removing oxygen) into colourless substances termed 
leuco compounds, which by oxidation in contact with air pass again into the onginal 
dyes. Some dyes, on the other hand, undergo so far-reachmg decomposition when 
subjected to reduction that a simple process of oxidation cannot reproduce the 
original compounds. The leuco compounds are frequently soluble in alkaline 
liquids, and are t^en up readily from these by vegetable as well as by ammal fibres. 
On contact with the air the onginal dyestuff is reproduced in the fibre in an exceed- 
ingly fast form. These facts are made use of in dyeing with certam insoluble dyes 
known as vat dyes. The dye is brought into solution in the vat, t an alkaline 
39 
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liquid containing a reducing agent. The material to be dyed is impregnated with 
the leuco-compound formed, and is then exposed to the air, the dye being thus 
produced in it. 

Indig^O. — This, the most important vat dye, which may be considered to be 
the parent substance of most of the others m common use, is at the present day 
employed as natural and as artificial mdigo. The former is obtained by a process 
of fermentation (steeping), followed by one of oxidation (beating) from the leaves 
of various tropical plants A glucoside which has been named indican by its 
discoverer, Schunck, is thus decomposed, yielding glucose and the leuco compound 
mdigo white, which latter is converted into indigo by oxidation Natural indigo 
usually contains quantities of the pure dyestuff indigotin, varying between 30 and 
70 per cent according to the source from which it has been obtained , in addition, 
there may be in it quantities varying between 2 and 10 per cent of the purple 
dyestuff indirubm, while the remainder is made up of more or less inert impurities. 

The glucoside indican is also contained in woad, a substance that is still 
employed as an addition to the fermentation vats used in wool dyeing 

Artificial mdigo is manufactured chemically from the products of coal-tar 
distillation. It is met with in commerce as a powder consisting of almost pure 
indigotm, as a paste containing about 20 per cent of the same substance, and in 
vanous other forms It is also sold as “ indigo vat,’* a substance containing about 
60 per cent of the leuco compound indigo white (see p 458^. 

As already explained the mdigo vat contains essentially a reducing agent and 
an alkaline substance which dissolves the mdigo white formed The latter is either 
lime, soda, or ammonia, the former may consist of a large variety of substances. 
Brief reference shall here be made to the hydrosulphite vats, the zinc and lime vat, 
the copperas vat, and the fermentation vats 

The sodium hydrosulphite employed m the first-named vats is either prepared 
by the dyer himself by the action of zinc dust on sodium hydrogen sulphite, or it 
may be obtained commercially at the present day in the form of a dry powder 
Either soda, lime, or ammonia may be employed as the alkali of the vat The vats 
are usually worked cold for cotton, and at a temperature of about 50* for wool 
In the latter case the amount of hydrosulphite is greater, and the amount of alkali 
smaller, than in the former A stock or standard vat is always prepared apart from 
the actual dyeing vat. 

The following may be taken as an example of a hydrosulphite-soda vat for cotton, prepared from 
zinc and sodium bisulphite Volume of dye vat, 1,000 1 A solution is prepared by mixing 15 1 Oi 
bisulphite solution (sp gr i 28) in small portions with i 5 kg zinc dust and letting the mixture 
stand for a short time with occasional stirnng until the sediment is pale grey in colour A suspension 
of 15 kg of 20 per cent indigo pure paste (equivalent to about 5 kg very finely ground natural mdigo) 
in about 15 1. of caustic soda solution (sp gr i 38) is then prepared and the first liquid added to the 
second The mixture is then maintained at a temperature of about 50® C. during half an hour to an 
hour When reduction is complete the stock liquor will have turned yellow The dye vat (1,000 1 ) 
is prepared with a mixture of 10 1 . bisulphite (sp gr 1 28) and 1 kg zinc dust added as above in 
small portions with stirring After a short time as much stock liquor as necessary (according to the 
depth of shade desired) is added and the vat stirred well It is ready for use as soon as it has 
become clear and yellowish green The vat may be used continuously and fed with stock liquoi 
and bisulphite*zinc*soda mixture to keep it up to strength 

For wool a corresponding hydrosulphitc-hme vat may be made up by using, in the place of the 
quantities given above, the following For the stock liquors 12 1 bisulphite solution, ij kg zinc 
dust, 10 kg indigo paste, xo 1 20 per cent milk of lime prepared by slaking 2 kg quicklime in 
place of the soda solution ; for the dye vat, f 1 bisulphite solution, o 2 kg zinc dust As already 
mentioned, the wool is dyed at about 50®, and after dyeing must be passed through very dilute 
sulphuric acid solution (o i per cent ) to remove the lime and then be rinsed 

The following may be taken as an example of a vat for cotton m which 
commercial sodium hydrosulphite is employed 

The volume of the dye vat is 1,000 1 . A stock liquor is prepared by stirring together well 10 kg. 
2 C per cent mdigo paste (equivalent to about 3J kg. very finely ground natural mdigo), 20 I cold 
water, and ij kg hydrosulphite powder. To this, after ten minutes, is added 6 1 caustic soda 
K'Jution (sp. gr. 1.39), and the whole is heated to 60* G. until reduction is complete. This 11 
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ascertained by dipping a piece of glass into the liquor. The glass and the drops from it should be 
clear yellow in colour, and the liquor should oxidise m about half a minute The dye vat is set with 
50 g hydrosulphite to remove dissolved oxygen from the water, and after stirring, the whole or part 
of the stock solution is added and the vat stirred up once more 

For wool, the quantities for the stock solution are 10 kg. indigo paste, 10 1 cold water, 2 kg 
hydrosulphite powder, and 2 1. caustic soda solution (sp gr i 38). It is recommended to make the 
dye vat up with 50 g hydrosulphite, about J 1 ammonia, and 34 1 of a 10 per cent glue solution 
per 1,000 1. and then to add a portion of the above stock liquor Dyeing takes place at about 50* C 
The vat is used continuously and made up to strength from time to time. 

The Zinc-Lime Vat — In this vat, which is extensively used for cotton, the 
indigo is reduced by nascent hydrogen produced by the action of zinc dust upon 
a lime solution. It is best to prepare a stock solution of reduced indigo 

The following prescription may serve as an example for the preparation of a vat of x,ooo 1 A 
stock solution is prepared by mixing 10 kg 20 per cent indigo paste (equivalent to about 34 natural 
indigo) with I J kg zinc dust made mto a paste with 20 1 of water of 50*-6o® C To this is added 
4*5 kg quicklime which has been previously slaked to a uniform paste The mixture is made up 
with hot water to 80 1 . , and maintained for three to five hours at a temperature of 50**60® C , with 
occasional stirring It should then be pure yellow and ready for usj The vat is set with 250 g. 
zinc dust and i kg lime slaked to a thin cream, stirred up and allowed to stand for some time The 
stock liquor or part of it is then poured in, the vat stirred and allowed to settle It is then ready for 
use A certain amount of sediment is formed , this majr trap a small amount of indigo, producmg 
loss, and may also lead to uneven dyeing if proper attention is not paid These disadvantages, how- 
ever, are only slight with this vat, being much less serious than m the following one 

The Copperas Vat. — This is one of the oldest vats employed m the dyeing 
of cotton The ingredients used are lime and ferrous sulphate Ferrous hydroxide 
IS thus produced which is converted into ferric hydroxide by the indigo contained 
m the vat, and thus acts as a reducing agent. 

The following prescription for a vat of 1,000 I of medium strength will illustrate the process. 
A stock vat of 200 1 containing 10 kg 20 per cent indigo paste, 124 kg quicklime, and 10 kg. 
green copperas is made up, and allowed to stand for four to six hours with occasional stirring As 
soon as it has assumed a yellow colour, it is poured into the dye vat which has been about three- 
quarters filled with water The latter is stirred up and dyeing commenced after it has settled com- 
pletely This vat IS easy to set, but the large sediment referred to above is a grave disadvantage, and 
makes it unsuitable for continuous dyeing 

Fermentation Vats for Wool. — In the fermentation vats various organic 
substances are allowed to ferment Glucose is thus produced which acts as a 
reducing agent upon the indigo contained in the alkaline liquor The sugar is 
oxidised by the latter, first to lactic and then to butyric acid A great deal of 
practical experience is necessary to work a fermentation vat properly, and all that 
can be attempted here is to give a very rough sketch of the most important fermenta- 
tion vat for wool, / ^ , the woad vat 

A vat containing 15,000 1 is often employed It is filled with water and heated to 65® C , 
500 kg of woad are introduced, and after stirring left overnight. The next morning 20 kg very 
finely ground indigo, 20 kg bran, 7 kg madder, and 12 kg lime are added The whole is stirred 
two or three times a day with the addition of 1-2 kg of lime each time, the temperature being 
maintained at about 60* After a few days the liquor should show a yellowish colour, and on gently 
stirring it, blue streaks should make their appearance along with a coppery scum or flurry Before 
dyeing, the wool must be very thoroughly scoured and the soap removed A trammel net is 
employed m the vat to preserve the wool from contact with the sediment After dyeing, the wool 
IS thoroughly cleansed with soap and fuller’s earth in order to remove all the loosely adhering 
mdigo, which would otherwise snow the objectionable property of rubbing when in use 

Silk IS not very frequently dyed with indigo I'he vats must be kept less 
strongly alkaline than for cotton and are worked in the cold In applying the 
various vats, the material is always worked in the liquor for various periods of time — 
for cotton yam, three or four minutes , for calico, ten to thirty minutes ; and for 
heavy woollen cloth half an hour to two hours or more On coming out of the 
dye vats the goods, which show a greenish yellow colour, are squeezed or wrung and 
then exposed to the air. The shade quickly passes by oxidation through green to 
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blue. The operation is then repeated either in a stronger or weaker vat until the 
desired shade has been attained 

Namerous machines for dyeing with indigo, some of which have been referred to m tlie chapter 
on appliances for dyeing, have been designed for use with the various forms of textile goods. They 
are designed to carry out the operations of steeping and oxidising the goods in a contmuous manner 

Other Vat Dyes — During the last ten years a considerable number of new 
vat dyes have been put on the market, most of which are distinguished by their 
great fastness to light and other mfluences, and which promise to become of the 
very greatest importance m the future. They are mostly employed in conjunction 
with the hydrosulphite vats The following are the more important classes . — 

The ThioindigfO Class is of great theoretical interest They are chemically 
denved from indigo by replacing NH groups by S atoms The following are some 
of the more important dyes of this series Thioindigo red, Thioindigo scarlet, Thio- 
indigo violet (Kalle), Vat red B (B A S F ), Helindone red 3B, Helindone orange R, 
Helmdone yellow 3G, Helindone scarlet S, Helindone fast scarlet, and Helindone 
brown G (M L.B ). All these dyes may be employed for cotton and wool (see p 463). 

The Ciba Colours (S C I B ) are apparently either brommated indigo 
derivatives or derivatives of the thioindigo class Most of them may be applied 
equally well to animal and vegetable fibres. The more important ones are various 
indigos put on the market by M L B and the B.A S F. Ciba blue B and 2B 
(S.C IB), Ciba heliotrope, Ciba Bordeaux B, Ciba red G, Ciba scarlet G, Ciba grey 
G and B, Ciba green G, and Ciba violets (see pp. 461, 466) 

The Indanthrene, Algole (BAS F.) and Leucole (Bayer) and Cibanone 
(S.C IB) colours have no chemical connection with mdigo, but are mostly related 
to anthraquinone They require the addition of a large amount of alkali to the 
hydrosulphite vat, and are therefore unsuited for use with the animal fibres The 
following may be mentioned • Indanthrene yellows (flavanthrene), orange, copper, 
reds, Rufanthrene browns (fascanthrene), Indanthrene claret, Indanthrene blues, 
Indanthrene violets (violanthrene), Indanthrene grey, Indanthrene maroon (oliv- 
anthrene), Indanthrene brown, Indanthrene green (viridanthrene), Indanthrene blacks 
(melanthrene), Algole yellows, orange, scarlet, reds, grey, blues, pink, green, 
Bordeaux, Cibanone yellow, orange, browns, and blacks (see p 454). 

Certain of the sulphide dyes, such as kryogene black, may also be dyed in the 
vat, and should, therefore, be mentioned here (see pp 458, 478) 


DYESTUFFS PRODUCED BY CHEMICAL MEANS ON 

THE FIBRE 

Aniline Black 

This dyestuff, which is of the greatest importance in cotton dyemg, is always 
produced on the fibre as a perfectly insoluble substance by the oxidation of an 
aniline salt When an acid solution of aniline is treated with suitable oxidisers, the 
base undergoes a very complicated senes of oxidations and polymerisations, a 
considerable number of intermediate products is produced and ultimately a black in- 
soluble substance of very high molecular weight ** aniline black,” is formed (p. 480). 

This substance appears to exist in two states of oxidation or polymensation : the 
first has the property of acquiring a greenish tint .under the action of sulphurous acid» 
the second more highly oxidised, or perhaps only more highly polymensed product 
does not exhibit this reaction ; and it is this form which the dyer must aim at 
producing, if the dyed fabric is not to turn green during use. The cotton is, therefore, 
Usually subjected to an after-treatment in a hot chrome bath in order to convert 
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the whole of the first into the second form of aniline black The oxidiser employed 
for oxidising the anihne salt in the first instance may be so^um (or potassium) 
chromate ; potassium ferricyanide (red prussiate of potash), or what comes to the 
same thmg, a mixture of sodium chlorate and potassium ferrocyanide , or lastly, 
sodmm chlorate The last-named substance requires the mtervention of a catalyst 
or earner of oxygen, and as such, a salt of copper, iron, or vanadium may be employed. 
The same substances are sometimes also added to chromate solutions to accelerate 
oxidation. The oxidation takes place m the fibre, with a suitable velocity at 
temperatures at or about 45* C , and the followmg processes, produemg what are 
termed (i) dyed blacks, (2) aged blacks, and (3) steam blacks, are in use. In the 
first-named process the material (say 100 kg ) is worked in a dye bath of 2,000 1 
containing, say, kg. aniline salt, 20 kg hydrochlonc acid (sp gr 1.171), 14 kg. 
bichromate, first in the cold for an hour The temperature of the bath is then 
raised to 7o*-8o* C. and the cotton is worked for another half hour, dunng which 
the black is developed. It is then rmsed and soaped well, hydro-extracted, and 
dned The disadvantage of this process is that the dyestuff is not held well by the 
fibre and rubs badly. The second or ageing process is the one most frequently 
employed It differs from the first in makmg use of a much more concentrated 
solution, and in the fact that the oxidation is not accomplished in the liquor itself, 
but that the fabric is removed from it, dried, and then aged, that is, subjected to 
a moist warm atmosphere which develops the black During the process of agemg 
large quantities of hydrochloric acid and oxides of chlorine are liberated from the 
aniline hydrochloride, and there is thus always a considerable risk of tendering the 
fabric if the temperature is not carefully regulated and the acid efficiently removed 
by the current of air An addition of aluminium acetate is recommended to 
neutralise the mmeral acid given off 

The following prescription for yarn by K Oehler will give an idea of the process. The cotton 
IS first thoroughly boiled out with soda, well rinsed, hydro extracted, and stretched. 25 kg are then 
turned for half an hour in a padding liquor made up to 500 1 , after pouring together the following 
solutions 60 kg aniline salt dissolved in 320 1 , 2.75 kg bluestone (copper sulphate) dissolved 
m 50 1 , 18 8 kg. sodium chlorate dissolved in 37 1 , 2 kg ammonium chloride dissolved in 12 1 , 
and 18 1 of an aluminium acetate solution (sp gr I 075) The yarn is then wrung or hydro- 
extracted lightly until it retains about its own weight of liquor It is then well stretched, placed 
on wooden laths which have been wiped over with the padding liquor, dried, and aged The drying 
and ageing are conveniently carried out in the same chamber , the drymg takes about four to six 
hours, the ageing proper is begun by carefully admitting steam until the dry bulb thermometer registers 
35® C , the wet bulb 30® C The ageing chamber is fitted with a powerful fan at the top, which 
draws in air through the bottom , this air is heated by means of pipes which also serve for the intro- 
duction of steam While in the ager the yarn is turned every two hours , the ageing occupies about 
SIX to eight hours After leaving the ager the yarn is chromed by turning quickly for ten to fifteen 
minutes at 75®-8o® C in a bath containing 3 kg bichromate and 0.75 kg sulphuric acid per 1,000 L 
It is then thoroughly rmsed, soaped, rinsed again, and dned. 

A process which bids fair to become of the very greatest importance m the 
production of aged blacks has been recently patented by A G Green In it the 
only oxidising agent employed is atmospheric air This is accomplished by makmg 
use of the observation that a small quantity of a diamme, e g , paraphenylenediamine, 
constitutes, when associated with a copper salt, a catalytic system by means of 
which amlme can be readily oxidised by air alone. 

In the Steamed Blacks the oxidismg substance is essentially potassium 
ferricyanide. The cotton may be padded with a liquor containing 75 kg aniline salt, 
3 S kg sodium chlorate, 40 kg. yellow prussiate of potash per 1,000 litres, it is then 
dried at a temperature not exceeding 50* C , and the black then developed by steam 
in a few mmutes in a suitable ager 

The advantage of this process over the ageing method lies m its rapidity and in the liwA that 
there is little risk of tendering, as very httle mineral acid is given off m the presence of the potassium 
ferrocyanide ; its disadvantage lies in the greater expense. 

Various other bases besides anilme may be oxidised on the fibre to produce 
aniline blacks or other dyes. Thus a black is obtained from /-amidodiphenylamine 
and a brown from /-phenylenediamine. 
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Ice Colour (see pp 442, 450, 545) 

The ice colours are employed in cotton dyeing. They belong to the class of 
insoluble azo dyes, and are produced on the fibre itself (p. 545) by the same chemical 
processes by means of which azo dyes are manufactured in the colour works. 

As IS well known (see p 441), the following operations are carried out in the production ol 
azo dyes : First an aromatic base is diazotised by mssolving it in an excess of acid, cooling the solution 
with ice, and adding to it a solution of sodium nitrite. As soon as the starch iodide test shows that 
the nitrous acid is no longer being used up in the chemical reaction, the diazotised solution is poured 
into an alkaline solution of a phenol, or it is allowed to act on a slightly acid, neutral, or alkaline 
solution of an aromatic base (see pp 442, 450) 

In the production of azo colours in the cotton fibre, the latter is always 
impregnated first with the alkalme solution of the phenol. /8-naphthol is the sub- 
stance almost exclusively employed for this purpose The cotton is padded m small 
quantities at a time in a strong solution containing the naphthol and caustic soda 
and some turkey-red oil The material is then hydro-extracted and dned quickly 
in a well-ventilated room at medium temperature After it has been thoroughly 
well cooled it is ready to be developed by mtroducmg it mto the solu- 
tion of the diazotised base. Various substances producing different shades, viz , 
diazotised paranitranilme, chloranisidine, alphanaphthylamine, and other diazo 
bodies are in use for this purpose, but the first-named is the easiest to work 
and the most frequently employed The dye obtained is known under the name 
of paranitranilme red The diazotisation is in this case carried out by pouring 
together the very carefully weighed out chemicals, and should take place at a low 
temperature (say 10* C ) The temperature should never rise higher than about 
15*. Since a strongly acid solution, like the one obtained in this operation, will 
not couple with a phenol, it becomes necessary to make it either neutral or feebly 
acid by the addition of caustic soda or sodium acetate respectively The solution 
must not be made alkaline since diazo solutions are unstable in this condition. 

It IS thus obvious that great care must be taken by the dyer in weighing out his chemicals As 
a rule, his weighings alone are relied upon to give tne right proportions, and are not checked by 
special tests. Compared with other diazo salts, those derived from /•nitraniline are exceptionally 
stable, and it is a great advantage to the dyer that these diazo-salts may be obtained commercially, 
ready made They are sold mixed with indifferent substances, such as aluminium or sodium sulphate, 
to render them non-explosive, and are found on the market under the names of Nitrazol C (Cassella) 
and Azophore red (MLB). Another product of a similar nature is mtrosamme red (BASF) 
which represents /-nitrophenylnitrosamme sodium (antidiazo-^-nitrobenzene sodium) This substance 
IS converted into /-nitrodiazobenzene chlonde by simply adding hydrochloric acid in the cold to its 
solution It is then allowed to stand for half an hour, and on the addition of sodium acetate it is 
ready to be employed in the process of developing 

In conjunction with the ice colours the two processes known respectively as 
“ diazotismg and developing and as “ coupling ” must be considered here Both 
processes are employed extensively as methods of after-treatment for the direct 
cotton colours. The last-named is also applied occasiqnally to cotton, dyed with the 
sulphur colours. 

The majority of direct cotton colours belong to the class of amido bodies, some 
to the class of phenols The former may be subjected to both methods of after- 
treatment under consideration, the latter only to the second. In the first-named 
process the dye is diazotised on the fibre, and the compound formed, coupled with 
the solution of a suitable developer, 1.^., either an amido body or a phenol. In the 
second process the dyed fabnc is treated directly with the solution of a diazotised 
base, or of one of the commercial diazo bodies mentioned above. 

Th« fbllowmg prescriptions will illustrate the methods : — 

Diazotising^ and Developing. — ^Wash the material well after dyeing with the direct cotton 
colour and then work for fifteen to thirty minutes cold m a dye bath charged with 1-3 per cent sodium 
mtnte and 5-10 per cent spirits of salt (hydrochloric acid). The cotton is lightly rinsed and passed 
without delay or unnecessary exposure to light and air into the cold developing bath in which it is 
worked for ^een to thir^ minutes. It is then washed and dned Of the numerous developers 
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which may be employed, the following may be mentioned ; Phenol, Resorcinol, Alpha and Beta 
Naphthol, Para-amidodiphenylamine, etc. The first four are dissolved in caustic soda, the last 
named in the minimum amount of hydrochloric acid. 

Prescription for “coupling” for lOO kg. cotton : Make 0.5-0. 6 kg. of paranitraniline into a paste 
with an equal quantity of hot water, then add l-lj 1. of cold water ana 1.5 kg. hydrochloric acid 
(sp. gr. 1. 16) and let stand until the mixture has cooled to 20® C. Then stir in 2 kg. broken ice 
and add all at once i kg. solid sodium nitrite, taking care that the temperature does not rise above 
10* C. Pour this solution into the coupling bath which has been filled with cold water, and add 
a solution of i J kg. crystallised sodium acetate. Enter the dyed and rinsed cotton, work for about 
thirty minutes, rinse, and dry. 


Mineral Colours 

Although largely displaced by modem oiganic dyes, yet a few mineral colours 
have still retained a certain degree of imj ortance in cotton dyeing. They are 
always produced in the fibre itself as 
insoluble pigments from substances 
which are not dyes. 

Chrome Yellow and Orange. — These sub- 
stances consist of ordinary and basic lead chro- 
mates respectively (see p. 500). Chrome yellow 
may be produced by fixing lead oxide on the 
fibres, and then passing it through a hot dilute 
solution of potassium dichromate. The first- 
named operation is carried out by impregnating 
the material with a soluble lead salt, and then 
passing it through dilute lime water. Another 
method of procedure consists in impregnating 
the cotton first with an alkaline lead solution 
containing, say, per cent, lead acetate and 
0.8 per cent, caustic soda (on the water), and 
then passing through an acidified solution of 
bichromate containing, say, i per cent, of 
bichromate and J per cent, sulphuric acid. 

Chrome orange is obtained by dyeing the 
cotton first with chrome yellow, washing, and 
then working in boiling clear dilute lime water 
until the desired shade has been obtained. 

Manganese Brown is obtained by im- 
pregnating cotton with a solution of manganous 
chloride, and then passing it through a hot 
solution of caustic soaa (sp. gr. i.oi) free from 
carbonate. Colourless manganous hydroxide 
is thus precipitated, which is converted into 
the brown higher oxides of manganese by 
exposure to air and a passage through a weak 
solution of bleaching powder. 

Mineral Khaki may be obtained by im- 
pregnating the cotton with a mixture of ferrous 
and chromic acetates. After drying, It is then 
steamed in a rapid ager which leads to the 
production of a mixture of basic ferric and 
chromic acetates on the fibre. These are further fixed by passing the goods through a boiling 
solution containing a mixture of sodium carbonate and sodium hydroxide. 

Iron Buff consists of ferric hydroxide, and may be dyed on cotton by the same method employed 
for manganese brown, only substituting green vitriol for manganous chloride. It may also be obtained 
by successive treatment with a ferric salt and caustic soda or lime. 

Prussian Blue may be obtained on cotton by first dyeing it an iron buff, and then working it in 
cold solution of potassium ferrocyanide containing, say, 2 per cent, ferrocyanide, i per cent, sulphuric 
acid, on volume of bath (see p. 502). Prussian blue is frequently employed as a groundwork in 
the dyeing of heavy blacks on silk. 

Prussian blue is also dyed on wool. It is usually obtained by the oxidation at a high temperature 
of hydroferro or hydroferri cyanic acid liberated respectively from potassium ferro, or potassium ferri 
cyanide. An addition of a stannous mordant improves the colour. 

The wool may be introduced into a cold bath containing 10 per cent red prussiate of potash and 



Fig. 223. — Section of Three-Colour 
Printing Machine. 
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20 per cent, sulphuric acid (on weight of wool). The teni|K'rnture is gradually raised to boiling and 
maintained thus for about hilf an hour i r more. AlMiut 1-2 \icr cent, of stannous chloride may be 
added towaids the end of the operation. 


COLOUR PRINTING OF CALICO 

In colour printing the dyes are confined to certain portions of the fabric, being 
printed on by special rollers and prevented from spreading to neighbouring parts by 
the addition of thickening agents to the dye, such as siart'h jwste, dextrine, gum 
ambic, gum tragacanth, albumen, casein ^ and similar substances. 'I’he dyes arc 
usually applii^d in a water-soluble form, as in dyeing, and are fixed in the fibres by 



Fig. 224.— Twelve-Colour Printing Machine. (Mather & Platt.) 


suitable mordants followed by steaming in i hanibcrs. Sometimes insoluble colour- 
ing matters an: rixi.:<.l on with adhesives — usually bUM)d alVnimen (sec p. 597) » 
on steaming the albumen coagulates and fixes the dye in an insoluble wash-last 
form on the fibre. Such colours are known us “albumen «*olour.s,” and comprise 
in.soluble mineral colouring matters, such as ultramarine, Guignet’s green, chrome 
yellow, cinnabar, zinc white, etc. 

The printing is carried out by means of hollow copjxT rollers, usually 1-1 J yds. 
long by 4-6 in. in diameter, piovided with a .steel eori\ 'Phe patterns arc elclied on 
the copper l>y means of acid in the usual way, the ccilour cf)lle( ling in the hollows 
of the roller and being jiressc.tl on to the cloth as it jwssi s under it. Kach colour 
has its own roller with it.-) own spr fial pattern. I*rinting machines arc now made in 
which one tcj fr)urtecn colours are printed on the cloth in a single operation, usually 
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on one side only of the fabric, but in duplex machines the patterns, exactly 
corresponding, are printed on both sides. 

Fig. 223 shows the principle of a ])rinting machine (three-colour). A is a large hollow iron 
roller a yard or more in chanieter, cuvered with a thin layer of cloth ; over this and over a smaller 
roller n runs the endless ruiiher cloth il ; over this runs the cloth / which is to l)e printed, tr)gether 
with a supporting cloth //|, Ag are the printing rollers, which take up colours from the 
rotating rollers placed in the colour cisterns itg; any excess of colour is scraped off the 

printing rollers by the .special knife edges r, r, r pressing against them. The cloth f as it passes 
i)et ween each printing roll and the large iron cylinder has a coloured pattern printed on it. The 
clr>th then passes away and is immediately driea (to prevent the colours from running) by pft*ismg 
over hot plates or into a hot air drying chamber. The colours are then fixed by steaming in a 
special chamber. 
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The printed cotton cloth is always ** finished” in order to weight it and give it 
a better appearance. The finishing materials consist of starch paste ('* size ”), mi.\cd 
with such mineral salts as kaolin, 
gypsum, barium sulphate, magnesium 
sulphate, chalk, etc. If a highly 
glazed surface is required a little 
paraffin or soap is added. To obtain 
a i)urc white, and correct any yellowish 
tinge, it is usual to mix in ultramarine 
or other suitable colouring matter in 
small amount. A “soft” touch is 
inil)arted to the cloth by the presence 
of magnesium chloride, calcium chlo- 
ride, or glycerol, which are all hygro- 
scopic. The finishing paste is evenly 
spread over the cloth by means of 
“ sizing ” machines, and dried by 
passing the cloth over hot drums. 

Shrinkage is avoided by drying in a 
stretched condition in special frames. 

'Fhe goods are then “calendered” 
by passing between hot smooth 
steel rollers, whereby they acquire 
a fine glaze. A fine silky appear- 
ance may be given to cotton goods 
by stamping or subjecting to very 
great pressure between special rolls 
(satin). Woollen goods flannel) 
may be given a rough hairy appear- 
ance by passing over rotating cylin- 
ders provided with fine steel points. ^ 

woollen goods in soap solution, whereby the fibres become more or less matted 



Fig. 225.— Fourteen-Colour Printing Machine. 
(Mather Platt.) 

Cloth is made by mechanically working 
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together (“milling” or “fulling”) For particulars of this and other special 
processes works on cloth-making must be consulted 
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In the following pages the writer has endeavoured to give, as far as possible, a 
review of the processes through which the raw hide or skin passes during its con- 
version into leather From the exigencies of space it is evident that the merest 
outline only can be given of some of the more typical methods, since no two 
factories follow exactly the same method of procedure, and the possible modifica- 
tions of the standard processes are endless 

A short account of analytical processes is given in those cases only in which 
they differ from, or are not included in, the ordinary methods ot quantitative 
analysis 

The writer wishes to acknowledge the help received from information contained 
in Professor Procter's “ Principles of Leather Manufacture," also his thanks to Mr 
J T Wood for reading the proofs 

The illustrations are from blocks kindly supplied by Messrs T Haley & Co., 
Bramley, Leeds 

The magnitude of the leather industry may be gauged by the following statistics — 

Imported into the United Kingdom 



1906 

1910 

Value in 1910 

Undressed-leather .... 

Dressed leather 

Varnished, japanned, or enamelled leather 
Leather machinery belting 

Leather boots ana shoes 

Leather gloves 

Other mahufactured leather goods • 

Dry raw hides 

Wet raw hides 1 

.... ... 1 

925,252 cwt 
360,144 „ 

6,541 „ 

4,457 .. 

211,501 doz pairs 
1,513,888 „ 

484,218 cwt 

533.678 

904,205 cwt 
27*.366 „ 

7,095 

3.069 ., 

168,236 doz pairs 

1.367.498 ., 

516,896 cwt 

764.155 .. 

£ 5 , 051,^27 

4.336,677 

241,167 

38.297 

673,674 

1.561,753 

595.020 

1,855,804 

2,417,028 

Total 

- 

•• 

;^i6, 771,247 
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Exported from the United Kingdom. 



1910 

Value 

Undressed leathei ... 

Dressed leather ... . . 

Varnished, japanned, or enamelled leather 
Leather machinery lilting 

Leather boots - . - . ; 

Leather gloves .... 

Other manufactured leather goods - 
Raw hides 

105*373 cwt 
113*919 *» 

1)262 ,, 

39*448 „ 

1,086,638 doz pairs 
228,870 „ 

196,962 cwt 

.^^885, 848 
1,892,569 

36.423 

515.450 

3.029.892 
344. 1 J 9 
527.887 
552.021 

Total 

•• 

;f 7 , 784,209 


The following statistics refer to the United States — 


Imported into the United States. 



1910 

Value in 1910 

Patent, japanned, or varnished leather 



1,230 cwt 

$237,000 

Skins for morocco - 





1 , 994,000 

Upper, dressed and finished 





972,000 

Calf skins, tanned • 



. 

... 

270,000 

Chamois and other • 




, , 

1,356,000 

All other .... 




... 

2,779*000 

Manufactured leather, gloves • 



. 


7,782,000 

,, ,, all other 



. 


1,476,000 

Hides (cattle, goat, sheep, etc ) 




5 , 434,000 cwt 

112,247,000 

Exported from 

THE 

United States 



1910. 

Value in 1910 

Sole leather ... - 

. 



342,200 cwt. 

$8,308,000 

Upper leather 

. 

. 



15,988,000 

Manufactured leather — 






Boots and shoes 


• 


7,2';7,ooo pairs 

12,409,000 

Harness and saddles - 


. 



842,000 

All other .... 

. 

. 

. 


1,982,000 

Hides and skins 

• 

* 

■ 

130,700 cwt. 

1,738,000 


(For Tanning Materials see p. 575 ) 

The object of leather manufacture, as defined by Professor Procter, is the con- 
version of the putrescible animal skin into a material which is permanent and not 
readily subject to decay, while retaining sufficient softness and flexibility for the 
purposes for which it is intended ” 

Theory of the Tanning Process 

The nature of the change which the raw hide undergoes dunng the process of 
Its conversion into leather is not well understood. The issue is complicated by the 
fact that the raw materials (includmg the gelatigenous hide fibre, the vegetable tannins. 
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and the basic mineral salts used in tanning) are ** colloidal,” and follow the laws of 
colloidal chemistry, a branch of the science neglected till very recently, but m the 
investigation of which great strides have been made during late years The main 
point at issue is whether the process is to be looked upon as a chemical combination 
between gelatine and tannin, or a mutual co-precipitation of colloids. 

Sir Humphry Davy * in 1803 precipitated solutions of gelatine by tannin and found that the 
quantity of precipitate produced is not always exactly proportional tn the amount of gelatine and 
tannin in the solutions used, but is influencea by the concentration of the solutions J T Wood,t 
working on similar lines, considers the precipitation neither purely chemical since the gelatine* tannin 
compound is not of constant composition, nor purely physical since the precipitation does not obey 
the solution laws, which require the concentration of tne tannin in the solution and m the precipitate 
to maintain a constant ratio The physical theory was first proposed by Knapp in 1858, who was 
also the first to recognise the fact that the conversion of skin into leather consisted of Uie drying of 
the fibres without allowing them to adhere Stiasny t thinks that the hide first adsorbs the tannin 
from its colloidal solution, and then the tannin undergoes a further change under the catalytic action 
of the hide fibre He explains the increase of insoluble matter which goes on after the leather is 
tanned as due to further chemical changes in which oxidation plays a large part Fabrion, from the 
result of a large number of experiments in chamois, aldehyde, vegetable and mineral tannages 
thinks that leather consists of a salt of the oxidised hide fibre § Though holding that the true 
tanning process is purely chemical, he recognises that the simultaneous physical processes of 
capillarity, diffusion, and adsorption are indispensable He points out I) that the inner parts of the 
hide are accessible to crystalloids only and differentiates between true tannages in which the con- 
densation takes place directly between the tannipg agent and the hide fibre, and pseudo tannages in 
which the tanning agent undergoes some change before acting as such 

Dr J von Schroeder IT considers tanning primarily an adsorption process, and that the adsorption 
compound undergoes a change in the course of time, resulting in a more stable union of the tannin 
with the hide fibre He finds that tannin is not taken up by hide powder from alcoholic solution, 
and from this empliasises the importance of the action of water in swelling the fibre and thus render- 
ing It in a condition to be precipitated by tannin The final solution of the problem will probably 
he m regarding the process as the effect of both chemical and physical forces acting in conjunction. 


The Raw Skin 

The structure of the skin of all the mammalia is essentially the same though 
differing greatly in thickness and texture according to its origin So far as leather- 
making IS concerned skin may be taken as consisting of two layers, the outer 
constituting the epidermis or epithelium ( e , Fig 226), and the inner the corium 
dermis (c), the true skin 

the epidermis, which is completely removed m the operations of liming, etc , before tanning, 
IS very thin in comparison with the true skin Its inner surface consists of a mucous layer, the 
malptght^^ which is in contact with the corium and is made up of soft cells, of which the wall is 
composed of keratin These cells in the living organism are continually being forced toward the 
outer surface, their place being taken by new ones As they approach the surface they become 
flattened and finally dry, and forming a horny layer, drop off Tne epidermis is thus in a continual 
state of renewal Separating the epidermis from the corium is the hyaline layer. This constitutes 
the extremely thin “gram ” surface of the tanned leather and is of a different structure from the rest 
of the corium, which is apparent from the different colour of the leather in any place from which it 
has been removed before tanning The hair (H, Fig 226) and sweat (s) ana fat glands (t) are 
developed from the epidermal layer, and the hair in the early stages of its growth grows backwards 
into the corium, whence it derives its nourishment. 

The structure of the corium or true skin differs essentially from that of tne epidermis, and consists 
of bundles of interlacing fibres which are themselves composed of fibrils of extreme fineness cemented 
together by a somewhat more soluble substance The texture is looser in the centre of the skin, 
especially so in sheep skins of which the gram and flesh may frequently he torn apart The structure 
becomes much more compact at the surface just below the epidermis and constitutes the pom papillaris 
or “ gram” and contains the fat-glands The appearance of this surface and the arrangement of the 
hair openings is frequently the only evidence from which the origin of the skin, after tanning, can 
lie deduced The dennis also contains fibres of another character termed the “elastic fibres,” 


* Phil Trails,, 1803, 233 
^ Journ, Soc, Chem Jnd , 1908, 384 

t Zeiisch f Chemte und Indusii le der JCclloida^flif^G^, vol 9 
$ Zeit fur Afigew Chemte, 1909, 2083-97, 2135^, 2187 94 
Collegium, 1910, 240-25^ 

^ “Zur Kentniss des Gerbprozesses ” (Kolloidchemischen Beiheften), 1909, 
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Fig. 226.— Vertical Section through Skin. 


thcs(; arc ycllnw in colour and differ grcally from the rest of the skin suKstance in ihi-ir resistance 
to dilute acid, which causes the fibres of tlie connective tissue to swell and become tnins[iarent while 
the yellow fibres are unaffected. 

'rhe chemical composition of the white connective tissue corresponds very 
closely to that of gelatine into which it is converted by boiling with water. \tn\ 
Schroedcr and Paessler give the following figures for the ultimate analysis of purified 
corium : C 50.2 per cent., H 6.4 per cent., N 17.8 per cent., and C) 25.4 per cent. 

An important property of gelatine or hide fibre, from the tanner's ]>)int of view, is its eaparity of 
combining both with acids and liases, which it does by virtue of tbc aiiudo and ('arlmxyl groups 
contained in the molecule. Under the action of dilute alkalis or acids, or by heating under pressure, 
gelatine is converted into peptones which do not gelatinise on cooling but resemble gelatine in being 
precipitated by tannin ana meta-phnsphuric acid, tamger {leriods of such treatment or raising to 
nigher teinix^ratures result in the final .splitting up of the molecule into nitrogen, ammonia, water, and 
carbonic acid, with amido acids as intermediate products. Similar products are the result of the 
action upon gelatine of gastric and pancreatic juice and em^es secreted during the growth of bacteria. 
The interfibrillar substance of the raw hide consists of conum which differs from the connective tissue 
in some respects, notably in its greater susceptibility to solution by dilutC'Solutions of caustic alkali. 
I’rocter, however, considers it prolKibly merely an impure degradation product of hide fibre or gelatine. 

'J'he epidermis, hair, and glands l^elong, chemically, to the class of ** Keratins.’' 
They are more readily attacked by caustic alkalis than is the gelatigenous hide 
fibre, hence the use of lime for the removal of hair and epidermis. They also differ 
from gelatine in not swelling in cold water, only distsolving in hot water at tempera- 
tures above 100* C. 

The raw material for the manufiicture of leather may be taken as consisting of 
three classes — hides, kips, and skins. 

Hides consist of the skins of oxen, cows, and horses. In addition to the fresh 
market hides of home origin, sun-dried hides are imiK)rtcd from tlie Argentine, 
Uruguay, China, and Africa, and from America, Europe, and the Colonies in the 
salted condition. 
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Kips are the skins of small native cattle, imported mostly from India either m 
the dned or dry-salted condition, or after a rough and incomplete native tannage. 

For the manufacture of the lighter kinds of leather the major part of the raw 
material consists of the skins of calves, sheep, and goats Skms of deer, pigs, and 
seals are also used to some extent The skins of snakes, alligators, and some fish 
yield a leather which is much used in the manufacture of fancy articles Much 
leather is made in Australia from the skins of the kangaroo, wallaby, and other 
marsupials Hippopotamus, elephant, and walrus hides are tanned into a very stiff 
and thick leather used in the “ buffing ” of cutlery. 

Water — In an industry such as we are dealing with m which such large 
quantities of water are used, the quality of the water supply is of extreme importance 
The presence of a large amount of lime and magnesia compounds results in a great 
loss of tannin, which is rendered inactive through the formation of an insoluble 
precipitate Even in cases where no combination takes place the presence of 
dissolved salts m water used for leaching tanning materials materially reduces its 
efficiency 

Eitner* has studied the effect of water, containing various salts in solution, on the raw hide 
In his experiments the hide had been unhaired by sweating, and was kept in contact with the solutions 
for four days at a temperature of 46® F Water containing lime sulphate and magnesia sulphate had 
the greatest plumping effect, while the carbonates of lime and magnesia present in the same strength 
produced a moderate plumping The chlorides of magnesia and sodium had a repressing action, as 
nide in these solutions was less plumped than in distilled water He also found that hide was well 
plumped in water saturated with CO2 These results, being obtained with the use of sweated hide, 
will naturally not hold m the case of a limed hide Thus a limed hide brought into water containing 
carbonic acid or bicarbonates will “full” on account of neutralisation of the lime The precipita- 
tion of calcium carbonate in this manner is frequently a source of trouble, as scudding is thereby 
rendered difficult and the knife is liable to break the gram The weak acids in the bates and puers 
will remove lime but not the calcium carbonate, which is dissolved by the drench acids, leaving the 
skin, however, permanently damaged in those portions in which the “ blasting” has occurred 

Iron IS especially objectionable if present to any appreciable extent m the water 
used for prepanng goods for tanning, its presence resulting m a bad colour by 
combination with tapnm Decaying organic matter and the presence of bactena 
are objectionable, and a frequent source of danger in the soaks Where the hard- 
ness of the water supply is such as to render its use impossible, one of several 
methods of softening are employed 

Soaking*. — The treatment undergone by the hides or skms previous to entering 
the limes is modified by the state of the goods or the method of preservation used 
Hides which have been preserved by the use of salt require more washing than fresh 
ones, in order, as far as possible, to remove the salt which would otherwise hinder 
satisfactory plumping in the limes Dried hides and skins require a comparatively 
long soaking before the requisite degree of plumpness and flexibility is attained, 
while with fresh market hides the object of soaking is simply the mechanical removal 
of blood and dirt. 

The use of putnd soaks was formerly much resorted to, but is largely superseded 
owing to the loss of hide substance thereby incurred, and the danger of destruction 
of the goods by excessive bacterial action Softening and cleansing is much hastened 
by drummmg in the tumbler (Fig. 227), through which a stream of water is kept 
running as the drum revolves A more violent softening treatment is that of working 
m the ** faller-stocks ” (Fig 228) in which the goods are placed in a wooden or metal 
box in which two heavy hammers, actuated by pins on the circumference of a 
revolving wheel, fall alternately. 

Mechanical treatment has been rendered unnecessary to a large extent by the 
addition of various swelling agents in small quantities to the soak water Solutions 
of caustic soda (i : 1,000) or sodium sulphide (1^-3 1,000) as suggested by Eitner 
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are the most commonly used, 
swelling being rapidly obtained, 
and all danger of putrefaction 
being avoided. Solutions of sul- 
phurous acid and dilute mineral 
acids arc also used. 

Depilation 

A method of depilation which 
was practised more generally in ear- 
lier times and still to a considerable 
extent is that by means of “ sweat- 
ing.” 'i'he hides or skins are hung 
in a closed chamber in a damp 
atmosphere and with little or no 
ventilation. Ammonia is produced 
in large cjuantities by bacterial 
action on the hair roots, and tlie 
hair or wool is quickly loosened. 

There is always danger of damage to the grain by excessive bactciijil action, and the process finds 
its principal application in the removal of wool from sheep skins wliere the wool removed is njrxre 
valualde than the skin. It is also used for the removal of hair from liidcs for sole leather, hut the 
process was never a success in England, probably on account of bad management. G(u)ds which 
ii;i\ e keen sweated must be brought into a swollen condition before tanning— this is done eillier hy 
a suh.se<iuent treatment with lime or by acid in the earlier liquors. 

T'he general method of unhairing is by the use of lime. This step in the 
manufacture of li.‘aihcr is the one which has undergone least modification in the 
light of increasing scientific knowledge. 

The reason for this pri'bahly lies in the exceeding safeness of the process. The limited solubility 
of lime (a saturated solution is of alK)ut one-twentieth normal strength) imposes a limit (.n the strength 
of the alkaline solution, and the tanner can, and always does, use a large excess of Jiine. The 
slowness of its action, also, permits of the proper duration in time of liming to be greatly exceeded 
without material damage to the goods. The removal of hair, although the most apparent of the 
effects of the liming process, is only one of the results attained by it. The hide substance, as shown 
al)ove, consists of an agglomeration of fibres which are them.selves capable of being split up into bundles 
<jf exceedingly fine fibrils. This is actually brought alx)ut in a fully limed skin, which, on that 
account, offers an enormously increased surface to the tanning liquor which coats each fibre with an 
insoluble and isolating covering. Solution of the interfibrillar substance also takes place in the lime 




Fig. 228. — P'aller-Stocks. 
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liquors, which are regulated according to the class of goods for which the skin is intended. Thus, this 
solution of hide substance is reduced to a minimum in the case of hides for sole leather, while, with 
light skins, in which suppleness and softness are aimed at in the finished article, it is encouragt^ and 
earned further in the puer-shop. In the case of skins to be tanned with chrome, which is, m itself, 
an ** empty” tannage, solution of interfibnllar matter is kept at a minimum 

Lime is received at the tanyard in the form of quicklime, CaO, and requires to 
be slaked before use. 

The presence of magnesia, MgO, is objectionable, as it causes the “slaking” process to be 
extremely slow, and may result in the damage of the goods by burning holes in them 

The method, and also the duration, of liming varies greatly m different yards, 
and also for different classes of goods in the same yard Von Schroeder recom- 
mends the proportions of 6 lbs of lime to loo gals, of water 6 per cent of lime 
on the weight of the hides is known to be sufficient , many tanners, however, use 
10-15 per cent, on the weight of the hides 

The two mam systems of liming are the old French system and one m which the hides are 
taken right through the process m one pit In the old French system the goods pass through three 
pits containing respectively an old, medium, and new lime The new pit after having one pack of 
goods through becomes a “medium” lime, and the medium, in the same way, an old, while an old 
lime is run away after having the one pack of goods through In the one-pit system the liquor is 
strengthened up from time to time by running away part and adding fresh milk of lime The hides 
,are simply laid horizontally one by one in the milk of lime and drawn out (“hauled”) and replaced 
(“set”) once, or even twice a day Skins are frequently limed in paddles, and systems are in use 
in which the hides are suspended vertically in a pit in which the liquor is kept in movement by an 
agitator near the bottom of the pit A method, used largely in Amenca for sole leather, known as 
the Buffalo method, consists in treating the hides with lime for a short time, frequently with the 
addition of sulphides, followed by warm water, by means of which they are quickly in a condition for 
unhainng Messrs Payne and Pullman * have patented a method by means of which lime is pre- 
cipitated in the interior of the hide with a great saving of time and capability of modification 
according to the requirements of the goods This is accomplished by treating the goods first in a 
2 per cent caustic soda solution, followed by a ij per cent solution of calcium chloride The 
previous treatment of the goods in a putrid soak hquor is necessary if the hair is to be removed, as 
the process does not accomplish this without the aid of bacterial action 

The time necessary for thorough hmmg vanes with different classes of goods , 
hides are usually given from seven to ten days while sheep skins require a longer 
time. 

The time of liming is greatly shortened by the addition of various substances which “sharpen” 
the lime Sodium sulphide to the extent of J J per cent on the weight of the hides is a very common 
addition which loosens the hair very rapidly, and lessens the solution of hide substance Alkaline 
carbonates accelerate the liming action by increasing the alkalinity of the solution Red arsemc 
sulphide and calcium sulphydrate are also used. Sheep skins, from which the wool must be removed 
with as little damage as possible, are treated on the flesh side with a paste of lime and sodium sulphide, 
and laid in pile, and after a few hours the hair is pulled off without having come in contact with the 
alkali 

The hair is removed by working with a blunt knife (Fig 229) over a sloping 
■convex beam of wood with a zinc covering, and the hides are placed in water as 
soon as possible after that operation in order to prevent carbonation of the lime 
through contact with the air. It is often difficult to remove the short under hair 
which IS more deeply rooted than the rest ; this can often only be effected by shaving 
with a sharp knife 

There are several machines in use for the removal of hair ; in the Leidgen machine, one of the 
most commonly in use, a cylinder fitted with blunt knives revolves against the surface of the hide 
which IS kept in contact with it by the pressure of a rubber apron The hides are also fleshed after 
the liming process This 1$ done with a heavy two-handled knife (Fig 229) over a beam similar to 
the unhairmg l^eam The knife differs from the unhainng knife in having both its edges sharp, and 
the action is partly scraping and partly a cutting one ; the mechanical action of the knife in torang 
out fat, etc , is also important. Manual labour has, in this process also, been partly superseded by 
machines of which the Jones and the Vaughan fleshing machines are the most important 

Chemical Control of the Lime Yard. — The alkalinity of a lime liquor increases with its a^ 
owing to the formation of amines and ammonia as the final products of the splitting up ammo acids 
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Fig. 229. — Tanners’ and Curriers’ Tools. 


A. Unhairing Knife 
li. Fleshing Knife 
C. Fit Hook 


D. Shaving Knife 
E, F. Curriers’ Steels 
G, G. Slickers 


H. Ann-Board 

K. Moon Knife 

L. Rounding Knife 


derived from the hide substance. 'I’he alkalinity of a lime liquor in which lime alone has been used 
therefore affords a very good indication of its age. (A saturated solution of CaO at the ordinary 

N 

temperature has an alkalinity of alxjut 4.7 c,c. HCl per 10 c.c.) 

Dissolved hide substance is determined by the usual Kjeldahl method after evaporating with 
a little dilute sulphuric acid. The percentage of nitrogen multiplied by 5.62 will represent the 
amount of dissolved hide substance. 

A useful test of the amount of hide substance dissolved in a lime liquor has been proposed by 
Seymour-Jones. 50 c.c. of tlie filtered liquor is placed in a cylinder and made slightly acid ; saturated 
salt solution is then added to make the volume up to 100 c.c. The greater part of the hide substance 
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IS thus precipitated, and collects at the surface of the liquid, and by measuring its volume after a 
definite period of time the test may be made roughly quantitative. 

Ammonia is determined by boiling the liquor for fifteen to twenty minutes in a flask connected 
with a condenser, and absorbing the ammonia evolved in a known volume of standard acid which 
IS then titrated back. For improvements see Procter and M‘Candlish * 

Sulphides may be estimated by the volumetric method, usihg zinc sulphate solution. 


The Vegetable Tanning Materials 

The present state of knowledge with regard to the constitution and classification 
of the tannins is unsatisfactory In many cases each material contains a different 
variety of tannin, and the tannin even from the same plant may be of a different 
constitution as it resides in a different part of the plant (wood, bark, fruit, etc ). A 
certain broad distinction, however, may be drawn between the tannins according to 
their reaction with a solution of a ferric salt Pyrogallol tannins yield a blue-black 
colour when treated in this manner, while catechol tannins give a greenish black 
colour This distinction is, in the mam, borne out in their behaviour when used 
as tanning materials Catechol tannins also give a precipitate with bromine water 
which is not the case with pyrogallol tannins 

Tlie constitution of two members of the p3nrogaUol group has been determined with reasonable 
certainty. These are gallotanmc acid (from gall nuts), which is probably di gallic acid, and yields 
gallic acid under the action of dilute acids and some unorganised ferments, and ellagitannic acid 
(usually present m mixture with gallotanmc acid), which yields ellagic acid under the same conditions, 
and IS the source of bloom ” deposited by some tanning materials, notably mjrobalans, valonia, and 
divi divi The tannins of the catechol group, on the other hand, yield no gallic acid or bloom on 
boiling with dilute acids, but generally give a deposit of *‘reds,” which are anhydrides of the tannin 
and insoluble in water The lower anhydrides are not completely insoluble, and form the difficultly 
soluble portions of many tanning materials They may be brought into solution completely by the 
use of alkalis or alkali sulphites, which is done to a great extent in the manufacture of soluble 
quebracho extracts (See Inks, p 490 ; and Dyeing, p 548 ) 

Tannin is usually present to the greatest extent m the bark in the interior of 
thick-walled cells The outer dead covering of bark (** ross ’0 m most cases contains 
very little tannin The percentage of tannin in wood is usually low, though in many 
cases Its extraction is rendered commercially practicable by the cheapness of the raw 
material Insect galls often contain a very high percentage of tannin which is here 
undoubtedly a morbid secretion of the plant induced by the puncture of the insect 

The following are some of the more important vegetable tanning materials — 

AlgarobiUa consists of the pods of several of the Coesalpinias, chiefly C brevtfolta, a native of 
Chill The tannin, being held loosely in the fibre, is very easily extracted It is one of the strongest 
tanning materials known A sample of the pods, freed from seeds, examined by the writer, showed 
60 8 per cent of tannin by the official method 

Babool, Acacta arabica — The bark containing 12-20 per cent tannin is used to a considerable 
extent m India The pods, which also contain tannin, are used in India for bating 

Canaigre, Rumex hymutosepalum^ is grown in Mexico and Texas The tuberous roots contain 
when dried 25-30 per cent, of a catechol tannin It is prepared by slicing thinly and drying rapidly, 
and gives a leather of a bright orange colour 

Chestnut, Castanea vesca —The bark contains tannin up to 17 per cent but is not much used 
as a tanning material The wood, containing 3-6 per cent tannin, is used m great quantity in the 
manufacture of chestnut extract 

Dm-dm, Casalptnta conarta — The tree is a native of Central Amenca The dried pods contain 
40-45 per cent, tannin which is used as i partial substitute for gambler 

Gambler, Naudea gambtr — A climbing shrub of the East Indies The material appears in 
commerce as cube gambler, a hard earth-like substance containing about 45 per cent tannin, and 
as block gambler containing 30-35 per cent tannin and 35-40 per cent water Gambler is extracted 
from the leaves and twigs of the plant by chopping and boiling with water until the latter becomes 
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syrupy ; the leaves are then removed The liquid, on cooling, becomes a pasty mass which it cut 
into cubes and dried either by the heat of the sun or by wood fires 

Hemlock, A btes canadensis ^ hemlock fir — The bark, containing 8-io per cent tannin, is used 
to an enormous extent in America and yields a dark red coloured leather. It is also the source oi 
hemlock extract. 

Larch, Lanx europea — The bark contains 10-12 per cent tannin and is used to a great extent 
m the tann^e of light leather, principally basils, to wnich it imparts a fine colour 

Oak — The bark of many species of oak is used us a tanning material and i\as one of the earliest 
tanning agents used The bark, containing about 10 per cent tannin, is used to a great extent in 
the manufiicture of sole leather, but has been replaced to some extent by extract made from the 
wood Oakwood extract is also used for the tannage of sheepskins for roller leather 

Valonia, the acorn cups of Quercus agtlops firom Asia Minor, contains about 35 per cent tannin, 
of which the larger quantity is in the “beard,” and is much used in the manufacture of the heavier 
leathers. 

Galls containing a large percentage of tannin are abnormal growths on vanous species of oaks 
produced by the puncture of insects, principally of the Cynips group “ Knoppern” are galls pro- 
duced in the immature acorns of various species of oaks, principally Q Cems^ and were formerly 
very largely used. 

Myrobalans are the fruit of Termtnalta chebula^ a tree indigenous to India They contain 30-40 
per cent tannin but vary a great deal in quality They are divided into several grades known as 
“Bomteys,” “Jubbalpores,” and “ Vingorlas ” 

Quebracho, Loxopteryngium Lorenztt — The wood of the tree, grown principally in the 
Argentine, contains about 20 per cent of a red difiicultly soluble tannin It is now used to an 
enormous extent in the form of extract, made, for the most part, in the quebracho forests The 
greater part of the extracts are made completely soluble by the use of alkalis or sulphites 

Sumac, Rhus conana — A shrub grown in great quantities in Sicily and Italy The leaves and 
Aoots are gathered, and after drying are finely ground, and as such the material appears usually in 
commerce The ground sumac is “ventilated” or winnowed to remove sand and small particles 
of iron It is divided into two grades, “ mascolino,” the best, which should contain 27-30 per cent 
tannin, and “ feminella” consisting of the inferior grades Sumac is particularly liable to adultera- 
tion, principally with the leaves and stems of Pistacta lentiscuSf the most important work on the 
detection of which was done by Andreasch * Lamb and Harrison t have also published a very satis- 
fectory method of detection of adulterants of sumac by microscopical means 

Wattle —Many species of the genus Acacia are used as tanning materials in Australia, and may 
have a tannin content up to 50 per cent 

Synthetic Tanning Matenals, or “ Syntans,” have been produced by E Stiasny (see Joum 
Soc Chem Ind ^ I9I3» 32 > 775 ) heating phenols with formaldeh>de in a slightly acid solution 
and then sulphonating the product to render it soluble The Badisi^e Co put it on the market as 
“Neradol D ” See also French Patents, 443»730, 1912 5 451*875, 1912 ; 45^*876, 1912 ; English 
Patents, 8,511, 1912; 8,512, 1912; 24,216, 1912; 24,982, 1912. 


Extraction of Tanning: Matenals 

The extent to which the preliminary grinding of the material is taken is of 
importance as it must be sufficient to allow as complete penetration of the water 
as possible, while avoiding reduction to a powder which would cake when wet, and 
result in clogging of the leaches The most general method of extraction of tanning 
materials in use is the ‘‘ press-leach ” system The leaches consist either of pits sunk 
in the earth constructed of brick and cement or wood, or vats or square receptacles 
above the surface of the ground. A set consists of any number up to twelve. Each 
IS provided with a false bottom consistmg of wooden laths on which the tanning 
material rests, leaving a space underneath to allow the removal of the liquor. All 
the leaches are connected by means of a pipe or “ trunk passing from the bottom 
of one into the top of the next right through the series When in working order 
the leaches contain material in all stages of extraction, and the liquor from the 
strongest is run off for use m the pits. As strong liquor is drawn off from the head 
leach an equal quantity of water is pumped into the weakest, and floatmg on the 
top of the liquor in that leach forces some of it into the next, and so on through 
the whole senes. By this means the nearly exhausted material is brought in contact 
with fresh water with consequent great thoroughness of extraction. Before the 


• “ Sicilianischer Sumac und seme Verfalschung,” Wien, 1898. 

t “ Sumac and the Microscopic Detection of its Adulterants,” Joum. Soc. Dyers and Colourtsis^ 
March 1899. 
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material from the first leach is thrown out (“cast”) it is finally extracted with hot 
water by which further quantities of tannin are extracted The water is heated 
by blowmg in steam or by an arrangement of steam coils below the false bottoms 
of the leaches, of which systems the latter, though costly, is preferable, as live steam 
is injurious to the leaches A better system is that of using the silent-boiling jet, 
which is also used, as suggested by Professor Procter, to circulate the water in the 
vat, which results in very complete extraction of the material The material in the 
first leach being exhausted, is “cast,” and the leach refilled with fresh matenal 
This leach then becomes the head leach of the system, and receives the liquor from 
what was previously the head leach In the Holbrook system the liquor is pumped 
from one pit to another instead of being left to find its level under the action of 
gravity. Care is taken never to let a leach run dry, as the material would sink down 
and form a compact mass resulting in incomplete percolation through the formation 
of channels Sprinkler leaches were formerly much used in America. The matenal 
was placed m round tubs fitted with a revolving pipe above for the delivery of the 
water The water was sprayed upon the leach from small holes in the honzontal 
pipe as It revolved The extraction with this system was very incomplete, and great 
loss of tannin was occasioned through oxidation 

Where the liquor is to be used in the manufacture of extract it is decolourised 
on coming from the leaches It is mixed with a proportion of blood or albumen 
and heated to 70* C , at which temperature the albumen coagulates and carries down 
much of the colouring matter Evaporation is carried out under reduced pressure 
in order to decrease loss of tannin by oxidation, which would occur if evaporated 
at atmospheric pressure The Yaryan triple effect evaporator is greatly used for 
Ais purpose By the use of this system, in which the steam from the weakest liquor 
is used to heat the second and so on, the liquor will pass through the whole 
apparatus in four or five minutes, and increase in density troni about i 02 to i 20 
without having been heated above 70“ C The Kestner evaporator is also much 
used (see pp 82^, 158a, 594) 

The import of tanning substances into the United Kingdom m 1910 is shown m the following 
table : — 



1910 

Value 

Bark for tanning 

Extracts for tanning 

Gambler 

Myrobalans 

Sumac * 

Valonia 

Various - 

560.000 cwt 

5,000 tons 

861.000 cwt 

11.000 tons 

18.000 cwt 

21.000 cwt 

226.000 

749.000 

155.000 

225.000 

106.000 
169,948 

12,7^ 


Sole-Leather Tanning 

After the unhairing and fleshing process, hides for sole leather are “ rounded ” 
This is done with a sharp knife on a table, and enables the tanner to give a cheaper 
tannage to the inferior portions of the hide In England the custom is to divide 
the hide into “ butts ” or “ bends,” which constitute the best part of the hide, and 
“offal,” which includes the bellies, shoulders, and cheeks (Fig 230) In America 
it IS more usual to divide the hide, by a cut down the centre of the back, into “ sides ” 
Before the goods enter the tan liquors, some delimmg process is necessary, as a 
brittle grain and bad colour would result if they were tanned in the condition in 
which they came out of the limes. Formerly, a simple washing in water was con- 
sidered sufficient, supplemented by the acid in the earlier liquors, but now it is 
almost universally the custom to use an acid bath for this purpose It is of great 
importance that the lime should not be completely removed as an excess of acid 
would be as injurious as that of alkali. The safest acid used is bone acid, and 
a great improvement in colour is effected by a treatment of the goods in a ij-a 
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per cent, solution of this acid Sulphurous acid is also good, and organic acids, 
such as lactic, acetic, and formic acids Sulphuric acid yields good results, but great 
care is necessary to avoid excess. 

The progress of the deliming action is easily followed by moistening the cut edge cf the hide with an 
alcoholic solution of phenolphthalein when any free lime in the hide immediately produces a pink colour. 

The object of the sole-leather tanner is to obtain weight, solidity, and waterproof- 
ness in his finished goods 

In earlier times this was accomplished by leaving the goods in comparatively weak liquors for a 
great len^h of time, the actual tanning process often taking from twelve to eighteen months, but the 
introduction of extracts and the consequent facility of producing much stronger liquors has, in most 
cases, shortened this time considerably 



For even penetration of the tan a gradual increase in strength of each liquor 
into which the hide is removed is necessary, siYice diffusion will only take place from 
a region of higher concentration to that of a lower The first pits into which the 
goods are placed are the handlers ” , the hides fastened on poles by one edge are 
hung vertically in the liquors and frequently moved, whereby the gram is fixed and 
an even colour is produced The percentage of tannin in the handler liquors is low 

and the acidity relatively high ^up to one-twentieth normal or even 

These conditions are usually attained by working the liquors **down the yard,” i the pit from 
which a pack of goods has just been removed to go into the next stronger one of the series becomes 
the one below, and its place is taken by the one above it ; thus the goods move in one direction and 
tke liquors m the opposite. This system is also advantageous in that the astringent tannins have 
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already been removed by the ^oods, leaving only the milder tannins which are more suited to the 
green goods. The time occupierl in the ])rr)gress of the goods through the suspender varies from 
ten days to a fortnight ; they tiien ]kiss on to the **liandleTs.” These are 'Workea in ^sterns of six, 
eight, or ten pits, and the goods arc moved forward after being in each pit from six to eight days. 
The epods are in the handlers for a month to six weeks, and pass from a strength of liquor of about 
20" Krkometer * to that of about 40* Bkr. 

By the time the goods leave the handlers they will usually have become 
completely penetrated by the tan liquor, and the remainder of the tanning process 
has for its object the deposition of solidifying and weight-giving matter in the 
intcrhbrillar spaces. The final step in the tanning process is the laying away of 
the goods in the “layers” with ground tanning material dusted between each hide 
and the whole covered with strong ton liquor. By this means the hide is enabled 
to take up the more difficultly soluble tannins, and a solid and dense leather is the 
result. The goods are drawn several times and laid down again with fresh quantities 
of tanning material and stronger liquors, which may reach a strength of 120*- 150* Bkr. 
where extract is used. The time m layers may extend from three to six months. 

Of the materials used in the tannage of sole leather, oak bark is one o. the oldest and gives a 
result which is said to be superior to that obtained any other material, but its low percentage 
of tannin and the lightness in weight of the finished leather tanned in this way have caused us 
replacement in many cases by extract. Valonia is used to a great extent, as it gives heavy and solid 
leather and deptxsits much bloom. Gaiiihicr is used to some extent, the mildness ut its tannin 
miaking it especially suitable for the strengthening of the suspender liquors. Oak wimxI, chestnut 
wood, and hemlock hark extracts are very largely used, principally for strengthening the layer liquors. 



Fiu. 231.— Jackson Scouring Machine. 


The process of tanning^ dressing leather is similar to that for sole leather, with 
the difference that as resulting leather is required to be soft and flexible the process 
is modified accordingly. A lighter class of hides are usec^ such as kips, or the 
goods are reduced in substance by shaving. The main point of difference in the 
method is the introduction of the “ bating ” process. 'I'his consists in submitting 
the goods to the action of a fermented infusion of hen or pigeon dung. The 
proportions used are variable, ranging from 1 2-60 1. per 1,000 kilos, raw hide in 
2,000 1 . of water By this means a great iX)rtion of the lime is removed and a 
considtTiiblc solution of hide substance occurs, 'fhe mechanism of the action of 
tlie “ l)iite” is probably analogous to that of the puer (see p. 580). The hides after 
hec'oming soft and fallen are usually “scudded” over the beam, in which process 
imicli dirt and grease arc worked out, and then frequently given a further treatment 
in an acid bath to remove the last traces of lime before entering the tan liquors. 

The liuming is uMinlly cnramenceil, in this country, in paddles, iml suspenders .ire used where 
A ver^ smooth gniin is desired. As bloom is not required m this tannage the use of bloom-giving 
tanning materials is avi^ided. 

Si)le leather after leaving the layers is washed through a clean liquor or warm 
water, and “seoiired” with stone and brush by hand or by machine (Fig. 231) till 

* 'I'lie Ikirkonieter is a form of hydrometer, and is of great service in controlling the strength of 

liqiiurs of which the composition is the same. As it shows all ^lid matter in solution, however, the 
strength of a liquor in tannin, as shown it, can only be relatively correct. 
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an bloom is removed from the grain surface, half dried (“sammed”) and laid in 
pile to temper. A treatinent in a strong liquor made from sulphited (piehracho 
extract is frequently given, wliieh results in a butter colour in the finisliud leatlier 
though producing considerable loss of weight by the action of the sulphite on tl'e 



i-io. 232.— Rolling Machine. 


tannin held in the leather. It is then ** struck out” cither with the “pin” or by 
machine which smooths and flattens the grain. The goods are then rolled by 
macliint?, once with alight roller when the grain is somewhat moist, and Anally, when 
nearly dry, with the heavy roller (Fig. 232). I'hey arc then dried by the aid of 
moderate heat, and after polishing with a brush are ready for sale. 



Fin. 233. — Bancl'Knifc Splilling Machine. 


A light coating of oil is frequently applied In tin; grain sirle licftire drying in nnlcr to cause the 
evaporation to tsdcc place through the flesh sule, as otherwise the uncoinhined tannin would lie 
deposited on the grain and, oxidising, cause the latter to he brittle an<l of a liad colour. 

The finishing of dressing^ leather (for strap butts, harness, belting leather, 
etc.) differs essentially from that of sole leather in the inclusion of the “stuffing” 
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process; this consists in impregnating the leather witli a mixture of solid and 
lifjuid fats and greases, rendering it su[)ple and impervious to water, d'he le.ith'-r 
is scoured with stone, brush, and sleeker to remove blo(j>m, and rediiecd in thickness, 
d'his is done by shaving by hand or machine, or l)y s[)litting the goods. 

Shaving by IvaiKl requires great skill and is clone over a nearly vertical lieain. with a two-lwiuiled 
knife (Fig. 229) with an edge turned at right angles to the surface of the blade. Of splitting maciunes 
for this purpose the band-knife machine (Fig. 233) is the most important ; with this machine the leatlier 
is held and moved f)rward by rollers against the edge of an endless ribbon-knife, passing round a 
wheel at either end of the machine. 

The leather must be in a moist state before stuffing, and the exact degree of 
dampness is a matter of some importance. It should generally be such that water 
exudes from the pores when the leather is pinched. 

The two methods of stuffing most commonly in use are hand stuffing and drum 
stuffing. In hand stuffing the leather is coated on the llesh side or on both sides with 
a mixture of flits known as “dubbing,” consisting usually of cihI oil and tallow. 'Fhe 
mixture is melted together and stirred as it cools in order to obtain a homogeneous 
pasty mass, and the proportions of hard and soft constituents are modified according 
to the season and the temperature at 
which the leather is to be dried. Much 
of the solid crystalline fats remain on 
the surface of the leather after the 
remainder has penetrated to the interior, 
and are scraped off with the sleeker and 
used again. The temperature at which 
the stuffed leather is dried is adjusted 
so that the dubbing is kept in a soft 
condition, but not so high as to render 
it liquid. 

In “drum stuffing” the goods are 
treated in a revolving drum (Fig. 234) 
with the stuffing mixture, d'he drum, 
pnna’ous to putting in the goods, is 
heated by 1) lowing in hot air or steam, 
or frequently a steam coil is fixed in 
the drum itself, d'lie temperature of 
the interior of the drum may be safely 
raised to 60'' C. if cold, damp leather 
is introduced. After the goods have 
been drummed suffi('i(‘ntl)' long to 
have reached the tein[)< rature of the 
interior the stuffing grease is introduced either through the door or run in through 
a hollow axle. A very large quantity of grease can be taken up by leather without 
detriment to its light colour which reappears on bending sharply in “boarding.” 
Advantage is frequently taken of the facility with which adulterants can be intro 
duced into the leather in drum stuffing; gluco.se and barium sulphate are the most 
common of these, and produce a fictitious weight together with an improved colour 
to that (fiitained by an equivalent quantity of grease. 

A method of dry stuffing practised in Germany i.s termed “ Einbrennen.” Melted lallow is pom ed 
over the leather, which must previously have been completely dried, and allowed to -,ink in l)y liMld 
ing ov'er a fire. Another metliod is to dip the leatlier completely into molten lallow. 

Stuffed leathers are particularly liable to a defect known as “spueing," which is of two kinds. 
The first, which is hy far the least objectionable, is due to the crystallisation of the hard fat s on the 
surface of the leadier, and causes no injury to the leather. The other kind is due to a clirnii(';d 
change taking place in the stuffing materials, and makes its appearance as resinous sp(Ms or pinqdcs 
on the surface of the leather. It is usually attributed to adulterated oils, but occasionally ap[)ears 
when tile purest cod oil has been used. As it is cau.sed by oxidation of the oil, it is liable to appear 
when conditions are such as to favour this action, such as moist heat willi little ventilati‘)n and the 
catalytic action of iron salts used in the production of black goods. 



Fig. 234. — Stuffing-Driiii ^ . 
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Fats and oils are also introduced into the leather by “ fat liquonng ” In the 
preparation of a fat liquor the oil is reduced to an extremely fine state of division 
by the use of suitable emulsifying agents. By drumming the goods with such a 
mixture they may be made to take up a large quantity of oil without acquiring 
a greasy feel 


Light Leather 

The raw material for the manufacture of light leather may be taken as consisting 
of the skins of sheep, goats, and calves The method of treatment up to the end 
of the liming process is practically the same as that for heavy leather except that 
the liming of sheep and goat skins is usually of a somewhat longer duration, as a 
soft and supple character in the finished article is required Sheep skins are usually 
received at the tan-yard from the fellmonger after the wool has been removed, so 
the only object of the hming process is to plump the skin and render it in a suitable 
condition to take up the tannin from the liquors The mam difference between the 
tanning processes of light and heavy leather is in the condition m which the goods 
enter the tan liquors. By the treatment subsequent to liming the skins are almost 
entirely deprived of lime and brought into a soft and flaccid condition, which is 
essential in order that the finished product may possess the qualities required in 
this class of leather A great proportion of sheep skms are split when fully limed 
and the grain split tanned into “ sumac skivers,” while the flesh split is oil tanned. 
A sheep skm tanned by a vegetable process without splitting is termed a ** roan ” or 
“ basil.” The goods, after fleshing or splitting, are washed in paddles m order to 
remove some of the lime A little acid is frequently added to the water in the 
washing paddle in order further to promote this action. The goods are then 
“ puered,” which operation consists in paddling in a weak warm infusion of fermented 
dog-dung. By this means a further quantity of lime is removed, and considerable 
solution of skin substance and emulsification of fats takes place 

The mechanism of the puenng process has been investigated by J T Wood, who has shown 
that the effect on the skins is due to the joint action of amines and their compounds, and enzymes 
produced by the metabolism of bacteria which exist in the puer liquor in great quantity Wood has 
found that a puer liquor which has previously been boiled and so freed from living organisms and 
enzymes has still considerable action on limed skin owing to the removal of lime by the action of 
amines and their compounds. The liquor treated in this way, however, had no dissolving action 
in the interfibrillar substance, and did not produce the characteristic properties of puered skin. By 
precipitating enzymes from a puer solution with alcohol and redissolving in i^ater it was found that 
the solution had a pronounced puenng effect. A mixture of the two classes of active bodies was 
found to puer a skin in a satisfactory manner 

The puer IS usually obtained from the kennels and, coming from this source, 
contains less lime than usual , it is allowed to ferment for some weeks before use, 
by which its activity in the direction required is much increased 

A perfectly satisfactory substitute for dog-dung for puenng all classes of goods has yet to be dis- 
covert The earliest scientific attempt at providing a suWitute was made by Wood, Popp, and Becker 
with “ Erodin,” by the use of which perfectly satisfactory results may be obtained with some classes 
of goods Ertin consists of a solid nutrient medium together with a pure culture of bacteria which 
have been found to be especially active in the puering process. The nutrient medium is dissolved 
and suspended in water which is*raised to a temperature of 104® F., and the pure culture of Bacillus 
erodiens added The bacteria are allowed to grow in the medium for about three days, and the 
temperature is raised to 104* F every night and morning during that period by admitting steam to 
the culture. The liquid is then diluted and used in the same manner as a natural puer liquor. 

Of the later puer and bate substitutes brought on the market, “Oropon,” 
manufactured by Rohm & Haas, Darmstadt, is being used to a great extent. 
This consists of a mixture of ammonium chloride and pancreatic enzymes held in 
fine sawdust as inert material 

The operation of puering is one requiring great experience and care to obtain 
the best results If the temperature is allowed to become too high, or the skins 
left in puer liquor too long, the goods may be badly damaged or even completely 
destroyed by excessive bacterial action. Frequent change of position is necessary 
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in order that the action may be regular, so the goods are usually kept in motion 
during the whole operation by means of the paddle The skms are removed from 
the paddle when sufficiently “ fallen,” a point to determine which requires a practised 
touch and great experience The goods are then “ scudded ” on the flesh side with 
a blunt knife by which treatment much grease and dirt are worked out ; the operation 
is sometimes carried out by machine 

The skins are then “drenched,” which consists in submitting them to the action 
of a fermenting infusion of bran, and removes a still further quantity of lime and 
causes slight plumping. 

J T. Wood and Willcox * have also studied the action of the bran drench upon skins, and have 
found that the acids produced m the bran fermentation are the active agents in removing lime and 
plumping the goods Wood gives the following typical analysis of the acids found in a working 
drench — 

Formic acid ..... o 0306 g per litre. 

Acetic acid - . - . . o 2402 ,, ,, 

Butyric acid - - • o 0134 ,, ,, 

Lactic acid . o 7907 ,, ,, 

The most important living organisms found in the drench were two species of bacteria named by 
their discoverer BacUriunt furfuns a and p The two were very similar in character, but produced 
a slightly better fermentation together than when used separately The same liability to damage oi 
the skins is present in the drenches as in the puer liquors, particularly through a butyric fermentation 
which may take place in hot weather, ••esulting in rapid swelling and solution of the skins 

The quantity of bran used in the drenching process is variable, but an average 
of about 5-10 per cent on the weight of the skins is usually taken and infused 
in water in the proportion of about 4 parts of bran to 1,000 of water The mashing 
IS carried out at a temperature of about 90® F and fermentation started by adding 
a few pailfuls of a working drench The goods are then added and as the fermenta- 
tion proceeds are brought to the surface by the gas which is evolved in great quantity 
during the fermentation 

Thin skins may be drenched sufficiently after the first rising,” but heavier goods are put down 
several times before sufficiently acted upon Experience is necessary in judging the point at which 
a skin IS sufficiently drenched, the feel of the goods affording the best criterion The skins 
become white and soft, and retain the impression made when pressed with the finger 

The use of the bran drench has been to some extent replaced by that of acids, 
of which lactic acid is the most commonly used The goods are paddled in a 
solution of about 2 lbs of the acid in 100 gals of water at a temperature of 
3o®-35'* C The process is quicker and safer than that of using bran, but the effect 
produced on the goods is not exactly the same 

The “CT Bate” manufactured by the Martin Dennis Chrome Company is also used for 
removing lime, and is suitable for use as a substitute for drenching It consists mainly of the 
sulphonic acids of naphthalene and probably other hydrocarbons, and its antiseptic character may also 
render it useful in arresting putrefaction 

Gallic acid is capable of bating and its use as such has been patented It is probably the active 
agent [n the fermented infusion of babool pods, which is much used in India for deliming 

Tannage of Light Leather 

The materials used in the vegetable tanning of light leather are very various 
Previous to entering the tanning pits the goods are usually treated in the paddle 
with a very weak solution of the tanning material, where they remain until coloured 
through The movement obtained by paddling is essential in causing even 
absorption of the tannin and producing a fine grain In some cases the entire 
operation of tanning is carried out in the paddle, notably in the tanning of sumac 
skivers. 

After colounng through the goods are passed through a series of pits in a manner 
similar to that of heavy leather tanning The strength of the liquors, however, is 

* Journ. S^, Chim Ind ^ 1890, 27; 1893, 422, 1897, 510. ‘‘Brit Ass Rep.,” 1893, 723 * 
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much less as is also the acidity of the earlier li(|U()rs, as no solution of lime is 
necessary, it having been almost ('ompletely remowd in the earlier treatment 
as described alxn-e. Materials wliieli yield ‘‘ bloom '' and a solid character to tlie 
leather are avoided, as the main nesiilts aimed at in the manufacture of light leather 
are suppleness and the best possildc- a]){)c'aranee of the grain. A great proportion 
of sheep skins are tanned into sumac skivers after splitting when fully limed. 

A process to wl^ich the goods arc submitted previous to entering the sumac liquors is 

(hat of “ pickling.’’ After leaving the drenches the grains are paddled in solution of common salt 
and acid. The usual acid eanployed is sulphuric acid< on account of its cheapne.ss, but the u.se of 
organic acids such as acetic and formic acids has lately been recommended, and has some advantages. 
A drawback to the use of sulphuric acid is the tendency which traces of it left in the leather have to 
cause rottenness after the lapse of time.* 

After the uniform penetratioii of the acid and salt the goods are placed for a sliorl time in a 
sirturated solution of salt. The pickling process permits tlic skins to he kepi for an\- riMsoiudile length 
of time in an unchanged condition, and is resorted to wlu-n goods are to he exported iu the untanned 
condition. The licpiurs in which pickled goods are tanrunl must contain a certain quantity of s;ilt 
as fresh water produces a strong swelling action on the goods. 

The skins are then placed in the padille (Fig. 23s) witli water and ground sumac, and kept in 



circulation until the tanning is complete. The light character of the skins and the movement of the 
paddle combine to render the tanning ogn rarion very short. 

A method of tanning with sumac sometimes used con.sists in sewing each two .skins together in 
tlie form of a bag, with the grain on the outside. The interior is filled, through a small hole, with 
strung sumac infusion and .some powdered sumac, and after closing the aperture the skins arc floated 
on a warm sumac liquor. After leaving in the liquor for a short lime the skins are ])laced in a jiile, 
and the sumac infusion is forced through tlie pores of the skins by their own wt iglit. Tlie jirocess is 
rc j'eated once or t\Nice, wliicli results in the skins being fully tanned in a very short lime. A similai 
methoil is emjiloyed in tlie manufaeluie of morocco leather from goat skins. 

As stated above, tlie method of tannage of basils and calf skins with bark and 
vcgetalde extrai ts resembles that of sole leather except that weaker liquors are used 
throughout the series of pits, and that the goods are not usually laid away with the 
solid material to complete the ])nx'ess. 

Dyeing 

The .skins of .sheep naturally contain a large quantity of animal grease which must be removed 
before a level dyeing can be obtained. This is done cither liy hydraulic pressing liefore tanning 
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or by the use of ;i solvent iifier tlic tanninj; process. The dyeing of vcgetablcTanned leather is 
perloinied either in the tray or in tlie drum or paddle. In tlu! founer method tlie skins are usually 
d)'ed in j)aiis, each ]!;iir being ]>ressed hrmly together, flesli si<le in, whic li results in the ilesh side 
remaining und\ed. d his results in a saving of dye and a wliite flesh side which is desirahle in some 
classes of goods. Dark coloured or stained leather is improved hefote dyeing hy treatment with 
a 12 jier cent, sulphuric acid solution or preferably with an organic acid. 

Tlie use of aniline colours 
has for the most part replaced 
that of the natural colouring 
materials, except in the pro- 
duction of blacks for which 
logwc)od is still used to some 
extent. 

Either acid fir basic colours 
are used ; in the latter case a 
mordant such as tartar emetic 
is used. Titanium potassium 
oxalate has lately come into 
use to a great extent, the 
yellow colour whicli it pro- 
duces in combination with 
tannin rendering it (<f great 
use when similar shades of 
colour are to be applied to the 
leather. When acid dyes are 
used, it is customary to add 
a small (piantily of acid to the 
dye hath for the purpose of 
liberating the coUmr acid. 

Another method of dyeing which is used to some extent for light leather and almost universally 
for the heavier leathers is that of staining. In this method the colour is apjtlied to the slightly 
damped surface of the leather liy means of a brush, several coats being given if necessary with partial 
drying between each application. 

After dyeing the grain surface of the leather is rendered glossy and smooth l>y the application 
of a “ linislr’ of a mucilaginous nature, or by the use of a seasuning pre|)arati(ui followed hy glazing 
by machine (Fig. 236). 


Fig. 236. — Glazing Machine. 


Chemical Control of the Tanyard 


The quantitative analysis of the vegetable tanning materials presents many difhcullies, and it is 
«nly hy strict adherence to standardised methods of analysis that different W'orkers can ol.>tain 
concordant results. The International Association of Leather Trades’ Chemists have formulated 
rules for the sampling and analysis of tanning materials, and reference should he made to these for 
details of the prricess. 

The Lowenthal Method of tannin analysis requires the following solutions 

1. Potassium permanganate, 0.5 g. {)er litre. 

2. Sodium sulphindigotate, 5 g., and strong sulphuric acid, 50 g. per litre. 

3. Pure tannin, 3 g. per litre, for determining the tannin value of the permanganate. 

25 c.c. of the indig(} solution is placed in a beaker and diluted with j 1 . of tap water. The 
permanganate solution is then run in from a burette until the colour becomes a pure yellow. 

5 c.c. of the tan licpior is then taken in addition to the indigo and the titration repeated. 

The difl'ercnce between the two titrations represents the total oxidisable matter present in the 
liquor. The liquor is then detannised in the following way : 25 c.c. of 2 per cent, gelatine solution, 
and 25 c.c. of saturated salt solution containing 50 c.c. concentrated sulphuric acid per litre are 
added to 50 c.c. of the liquor and shaken for five minutes and filtered with the addition of kaolin 
if neces.sary. The filtrate is titrated in the same manner with the permanganate, twice the volume 
being taken to allow for the dilution. Detannisation is more conveniently done by shaking with 
iiide powder, as in the official method, or with chrome shavings if available. The amount of 
permanganate equivalent to the tannin in the .solution is thus equal to the difference of the titrations 
before and after detannisation. l>v determining the permanganate value of tlie standard solution 
of pure tannin the strengtli in tannin of the licpior may he easily calculated. 

Acidity of tan licpiors is determined by Procter's method hy adding saturated lime w'ater from 
a ])urctte to 10 c.c. of tlie perfectly clear liquor in a lieaker till the hist toice of ])ermanenl turbidity 
appears. 

The Analysis of Leather 

The complete analysis of a .sample of vegetable tanned leather conshsts in the determination of ; 
(i) Water ; (2) fatty matter ; (3) water .soluble matter, including— (<z) uncomhined tannins, {b) non- 
tannins ; (4) insoluble matter, including — \a) hide .substance, 1/) tannin. 
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Water ia determined by drying finely divided leather at ic»° C 

Fata are determined by extracting with petrol ether in a Soxhlet apparatus 

Water soluble matter is estimated by digesting the extracted residue from the fat determination 
for some hours with 200 c r of distilled water at 1 5**20® C , and then extracting in a similar method 
to that employed for tanmng materials The temperature of the water used for extraction is kept low 
to avoid decomposition of the leather The proportions of tannin and non<tannms in the extract are 
differentiated as in the analysis of tannin materials by determination of total solids in the solution 
before and after detannisation 

Glucose and mineral adulterants, such as magnesium sulphate, if present, will be found in the non* 
tannin portion of the extract Glucose is determined with Fehling*s solution after removal of the 
tannin, etc , by precipitation with basic lead acetate. 

Hide substance is estimated by determining the nitrogen (Kjeldahl method) in the original 
>ample 

Since hide substance contains approximately 178 per cent, nitrogen, the percentage of nitrogen 
IS multiplied by the factor 5 62 

The estimation of free nuneral acid is very important, and is best carried out by Procter 
and Searle’s method. 2 or 3 g of the finely divided sample are moistened in a platinum crucible 

with 25 c.c. of ~ sodium carbonate solution, evaporated to dryness, thoroughly carbonised, extracted 

with boiling water, filtered, and the residue ignited in the crucible 25 c c of decinormal hydrochloric 
acid IS then added to the ash, and the whole is added to the filtrate previously obtained If the 
solution is then alkaline, free mineral acid may be assumed to be absent, but if acid the amount may 
be measured by titration with decinormal alkali using methyl orange as indicator 

The quantitative and qualitative examination of the leather ash will often afford valuable informa- 
tion with regard to the tannage, etc 


Mineral Tannages 

Of the mineral tannmg processes, the most important is that involving the use 
of the salts of chromium Though of only very recent origin the process has already 
become a very serious rival to the vegetable tannages, and even, in some cases, has 
replaced them to a great extent 

There are two general methods of tanning with chromium compounds known 
respectively as the “ one-bath ” and the ‘‘ two-bath processes In both methods 
the actual tanning agent is the same, the fibres being isolated and rendered 
imputrescible by the deposition on them of a basic chrome salt In the one-bath 
process this is accomplished by immersing the skin in a basic solution of chromium 
sulphate or chloride, while the two-bath process consists la saturating the skin in 
a solution of chromic acid, and then submitting it to the action of a reducing 
bath whereby the actual tanning agent is formed in the interior of the skin 
Professor Knapp in 1858 was the first to devise a practicable chrome tanning 
process which consisted in treating skins with a basic chromium chloride solution 
made by adding sodium carbonate to a solution of normal chromium chloride 
The process was revived and patented later by Martin Dennis,* who put on the 
market a basic chrome tannmg liquor prepared by dissolving chromium hydrate 
m hydrochlonc acid, and rendering sufficiently basic with sodium carbonate 

The earliest two-bath process was proposed by Augustus Schultz m 1884 The 
method as patented by him consisted in paddling or drumming skins m a solution 
of 5 per cent, bichromate of potash and 2 \ per cent* hydrochloric acid or an 
equivalent amount of sulphuric acid, till evenly coloured through with the chromic 
acid The second bath consisted of a solution of sulphurous acid or an acidified 
solution of sodium thiosulphate 

The one-bath process is, of the two, the more analogous to the vegetable 
tanning process. Eitner t has shown that the basicity to which the chromium salt 
is brought is of extreme importance A solution of a normal chromium salt pene- 
trates die skin with great rapidity, but is very easily washed out, and a thin and 
lightly tanned leather results As the salt is rendered more basic the rapidity of 


* U.S A Patent, 495»028» *893; 7,732, 1893 

t Gerber^ 1901, 3 
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its penetration into the skin is less, but its absorption is more thorough, and the 
chrome is fixed more strongly. If the basicity, however, is rendered excessive, part 
of the chromium is precipitated as hydrate, and an msufficiently basic salt is left, 
resulting m very slow penetration of the tannmg agent and overtannmg at the surface 
of the skin, whereby the grain is rendered tender and even brittle 

Eitner considers as the most suitable the salt CrOH, SO4, which is produced by 
the addition of 106 parts by weight (i molecule) of dry sodium carbonate to 998 
parts (i molecule) of chrome alum. 

Procter * has published a method of preparation of a one-bath solution by the 
direct reduction of bichromate with sugar in the presence of such a limited amount 
of hydrochlonc or sulphuric aad as to result m a chromium salt of the required 
basicity. Suitable proportions are 5 molecules of HCl to* i molecule of potassium 
dichromate, which results m the formation of a salt of approximately the formula of 
Cr,Cl,(OH),. 

A stock one-bath chrome liquor may be made by dissolving 10 parts of chrome 
alum in 80 parts of warm water and adding, with constant stirring, a solution of 
2J-3J parts of washing soda dissolved in 10 parts of water t 

Stock liquors which are bought ready ma^e up and only requiring dilution with 
water are used to a great extent 

- The product of the two-bath process differs from that of the one-bath in con- 
taining free sulphur, which is deposited in the leather from the decomposition of the 
thiosulphate used m the reduction. 

In the first bath the following reaction takes place — 

KaCraO^ + 2HCI = 2KCI + 2CrOa + HgO, 

the free chromic acid being absorbed by the skin Heal and Procter t have shown that pelt absorbs 
no free chromic acid from a solution of potassium dichromate unless free chromic acid has previously 
been formed by the addition of acid 

The reactions taking place in the second bath have been studied very carefully by Eitner, § who 
has shown that the following reactions take place when acid is added gradually to the thiosulphate 
solution 

On the addition of a small quantity of acid the skins become brownish from the formation o* 
chromium dioxide or basic chromic chromate, CraCr04(0H)4 

(1) sCrOg + 6HCI + 6Na^Os = 3Naj|S40e + 6NaCl + sHgO -f CrjOg 

On adding more acid the colour of the skins becomes brighter from the formation of chromium chloride. 

(2) 2CrO* + 12HCI + fiNaaSgOg = 3Na^408 + aCrCl, + 6NaCl -f bHgO 

Further addition of acid results in the deposition of sulphur, partly in the skins and partly 
precipitated in the bath ~ 

(3) 2CrO, + 6HCI + 3NagSaO, = 3Na2S04 + 3S + aCrClg + 3H2O. 

After all the acid has been used up, further reactions take place between the chromium salts and 
the excess of thiosulphate, resulting in the formation of basic chromium salts and of more free sulphur. 

(4) Cr2(S04)3 + NagSaO, + HgO = aCrOH SO4 + SO2 •» S Na2S04 

(5) aCrClg + NaaSaOg + HgO = aCrOH Clg + SOg + S + aNaCl 

As the acid is, m practice, added m small quantities at a time the reactions will take place, in the 
main, according to these equations, but Mnll always to some extent proceed simultaneously 

The proportions of dichromate and acid in the first bath, as used m practice, 
are very variable, the more important constituent being the acid, as it is only the 
free chromic acid which is thereby liberated which is absorbed by the skins In 
Eitneris first bath sufficient acid is added to liberate the whole of the chromic acid, 
but a less quantity than this is frequently used Absorption of the chromic acid 
by the skins is very rapid, and by drummmg in the solution the skins are soon 
caused to take up the maximum amount After leaving the first bath the goods 


* Leather Traded Review^ 12th January 1897. 
t Ibid. 

t foum Soc* Chem, Ind,^ 1895, 251. 

I Gerber^ 1900, 297 
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are piled on a “horse” and allowed to remain so for some hours or overnight, 
whereby better fixation of the chrome is obtamed. When in this state the goods 
are carefully protected from the action of light, which results in the reduction of the 
chrome at the expense of the skin and thereby causes irregular tanning 

Before entering the second bath the skins are frequently drawn through a strong 
“ hypo ” bath m order to fix the chrome on the surface of the skin which prevents 
“ bleeding,” t.e , diffusion of the chromic acid solution into the hypo bath. The 
most usual reducing agent is a solution of sodium thiosulphate (“ hypo ”) rendered 
acid with hydrochloric acid, and in this bath also great variations in the proportions 
used are met with in practice It is usual to add the acid in small quantities at 
a time as the reduction proceeds, as the reduction is rendered more even and there 
IS less loss by escape of sulphur dioxide into the air. Eitner suggests 12 parts of 
hypo dissolved in 400 parts of water, and 6 parts of 40 per cent hydrochloric acid 
per 100 parts of wet pelt, less acid, however, being required if equal parts of acid 
and dichromate have been used in the first bath 

The operation of neutralising follows that of tanning, and is earned out in the 
same manner for leather tanned by either of the processes. When a two-bath 
process has been used the skins contain a considerable quantity of free acid which 
must be removed, and with one-bath leather the neutralising process results in 
further fixation of the chrome in the leather fibre The skins are drummed in a 
dilute solution of a weak alkali of which several are in use, such as sodium 
bicarbonate or dilute ammonia Borax is used to a great extent, its weakly alkaline 
nature rendenng it the safest neutralising agent, and lessening the danger of over- 
neutralisation The neutralising process is considered to be complete when a piece 
of blue litmus paper is not turned red on application to the freshly cut surface of 
the skin. Over-neutralisation to the extent of rendering the interior of the skin 
distinctly alkaline is carefully avoided, as the presence of free alkali m the skin is 
as objectionable in its effects as that of free acid Eitner has recommended the 
use of silicate of soda as a neutralising material, and sodium hyposulphite and 
whitening have also been used After neutralisation the goods are thoroughly 
washed in the drum in a stream of running water 

A peculiarity of the chrome process is that the goods are usually dyed and fat-licjuored immediately 
after tanning, as if they are once allowed to become thoroughly dry it is impossible for them to be 
‘ * wetted down ’’ again sufficiently for even dyeing 

Fat liquoring, which is done either before or after the dyeing process, consists 
in drumming the skins in an emulsion of soap and oil which is absorbed very readily, 
and gives a plump and sof^ feel to the leather which would ptherwise, from the 
nature of the tannage, be harsh and empty 

Many different formulae for the preparation of fat liquors are in use, and various oils, such as 
castor, olive, cod, and neat*s foot, are suitable Sulphonated or turkey-red oils have lately been 
used to a great extent, and being soluble m water neea no addition of soap as an emulsifying t^ent. 

By drumming with a solution of glycerol or sugar chrome leather may be dried sufficiently to 
allow of the operations of shaving or staking before dyeing, tjie hygroscopic nature of these bodies 
rendering it possible to wet down the leather subsequently sufficiently for dyeing 

Chrome leather may be dyed direct with many of the acid aniline colours, but 
where basic colours are to be used the goods are given a tannm mordant by 
drumming or paddling with sumac infusion or gambler 

After dyeing the goods are thoroughly dried by hanging m heated stoves, and 
then, if necessary, the natural animal grease is removed by extraction with a solvent 
in a plant specially devised for that purpose. They are then brought to the necessary 
degree of dampness for the subsequent treatment by laying away among damp 
sawdust. Being now stiff and hard they are softened by staking, which is done by 
a machine which draws a blunt-edged blade along the flesh side of the skin, which 
IS held against it by rollers (Fig. 237). The appearance of the grain is then improved 
by the application of a “ finish,” which usually contains blood or albumen, followed 
by “ glazing ” by fnction of a glass or agate “ stone ” under pressure. This operation 
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is frequently repeated several times, and ironing with a hot iron completes tlie 
process. 

Of the lighter leathers tanned by the chrome process calf skins, wliich are manu- 
factured into “box-calf” or “ willOW-Calf ” (usually by the one-bath method), form 
a large i)ro])ortion. In the manufacture of these goods, the operation of “boarding"’ 
(Kig. 229) (whereby the grain of the leather is raised) is included in the finishing 

process. 

'I'he manufacture of glacd kid from goat skins has attained gigantic proportions. 
Sheep skins are also chrome tanned to imitate real glace kid. 



The production of chrome sole leather has not yet been l)rouglit to a siiisfactory state, the 
leatlicr liaving a tendency to become slippery under the influence of water ; for l)c]ting and hydraulic 
leathers, how'ever, tlie })rocess is ^^reatly used. 

The chrome ])ro(;ess is frequently cominned M'ith one of the vegetal le tanning processes, the 

f )roduct being known as “ semichrome. ” The order in which the two tannages are applied varies, 
Hit a one-bath chrome tannage is nece.ssarily used. The method is more particularly applied to the 
imported native-tanned sheep or goat skins frojn India (Persians). Before chroming, as much as 
possible of the vegetable tanning material is removed by drumming the leather in a dilute alkaline 
solution {“ stripping”). 


Fic.. 237. — Staking Machine. 


Chemical Control of the Chrome Process 

One* Bath Liquors. — The chromium in one-bath chrome liquors may be estimated gravi- 
metrically by precipitation as CroO^ with ammonia, l.ait more <]uickly and conveniently \ olmm trically. 
The chromium is converted into .sodium chromate by treatment with sodium peroxide and the 
chromic acid e.stimated by acidifying, adding exce.ss of potassium iodide and titrating with standard 
sodium thiosulphate solution. The estimation of the acidity of one-bath liquors, which is of great 
importance, is most conveniently carried out by the method of Procter and M'Candlisli.* 'Phe 
wliole of the acid is estimated in this way by titration of the boiling diluted solution with normal 
sodium liydrale with the addition of rather a large quantity of phenolphthalein as indicator. 

The colorimetric method forms a useful control of spent one-l^ath chrome liquors. f 

Two-bath Liquors. — 'Phe ebromic acid in two-batli liquors is estimated l)y titration with 
thiosulphate soUition in tlm same way as for one-bath li(|Uors. 

Free acid is estimated in twodsith liquors by titration with standard caustic alkali with |>heiu)l- 
j)bt]ialein. 

Since normal chromates arc neutral to phenolphthalein, and free ehoonic acid and bichromates 
are acid to that indicator, the relative amounts of free chromic ac id "i of hic'lnomate and chromate 
ma\ ho calculated from the results of the above two titrations. 

1 lie thiosulphate in a second-bath liquor is estimated by titrating w'ith it the iodine liberated 
li om potassium iodide by a known volume of an acidified .solution of standard potassium bichromate. 

Chromium in ( hrome leather is estimated I »y ashing a weighe<l (juanlity of the leather in a 
platinum crucilde and convening the chromium to chromate hy ignition with a mixture of sodium 
and potassium earhonate. The chromate is <liss<dved and e'-iimated volumetrically in the usual 
manner. 


* Procter and M *Candlish,yi?///'//. Soi\ Chem. Jmi.^ >907, 45S. 
Wood and ^ /ouni. Sot. Chem. Ind,^ 39^- 
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Two-bath chrome leather may be distm^ished from one-bath leather by damping and wrapping 
in paper with a silver com. After leaving in a warm place for an hour, the com will become stained 
brown or black from the formation of silver sulphide from the sulphur in the leather. 


Alum Tannage 

The mechanism of the alum-tanning or tawing process is probably the same 
as that of chrome, the actual tanning agent being regarded as a basic alumina salt. 

Small skins which are required to be preserved with the hair or wool on are 
stretched on a board with the flesh side outwards after cleansing from blood and 
dirt as far as possible A strong solution of alum and common salt is applied hot 
with a sponge, and the application repeated till the skin is struck through. In the 
manufacture of glove-kid, for which lamb skins are used for the most part, and 
genuine kid skins for the best qualities only, the skins, after liming, puering, and 
drenchmg, are treated with a mixture of alum, salt, flour, olive oil, and egg yolks 
in a thin paste The mixture is caused to penetrate the skins by being trodden 
with them or, more usually, by drummmg The goods are then dried rapidly and 
passed through tepid water and made uniformly moist by treading tightly into chests, 
m which they remain for twelve hours. They are then trodden on a floor of sharply 
angular edges formed by bars of wood and subsequently stretched with the “ moon- 
knife*' (Fig 229). The latter consists of a circular knife in the shape of a quoit 
and is held by the workman by its inner edge and drawn down the flesh side of the 
skins, which are attached to a horizontal pole by one end, the other being held by 
the operator The skins are then dried nearly completely and staked, which consists 
in drawing them over a blunt kni^e edge fixed in the top of a post Staking is also 
done to a great extent by machine 

The goods are then “aged** from one to three months, which is necessary in 
fixing the tannmg agent and producing the necessary properties of the finished 
article They are then dyed after the removal of part of the tawing mixture by 
treatment with tepid water 

Aniline dyes or natural dyewood colours are used ; in the latter case an alkaline mordant is first 
given, and also usually the colour is made brighter and more permanent by the use of a striker 
consisting of a salt of zinc, iron, or copper 


The manufacture of calf kid is similar to the process just described except that 
the puering process is omitted, the lime being removed by successive washings and 
working in the beam 

After drenching, the skins are drummed in the tawing paste, which may consist, according to 
Procter, of 5 per cent flour, 2 5 per cent alum, i per cent salt, the yolks of twenty-five eggs or lbs. 
preserved egg yolk, 2 oz olive oil, and ij-ii gals of water to loo lbs of wet pelt The skins are 
penetrated in several hours and allowed to lie in pile overnight and sometimes split, in this condition, 
m the band-knife machine They are then dried rapidly and aged for one to three months after 
dampmg back and staking by machine After being thoroughly wetted back, the skins are given 
an alkaline mordant and blacked with an infusion of logwood or fustic fixed and darkened by a 
solution of ferrous sulphate The wetting back causes a loss of part of the tanning material which 
IS replaced by “ re-eg^ng” with egg yolk and flour, and sometimes alum and salt If the goods are 
blacked on the table the “ re-egging^ is done previous to dyeing, but if dyed m the tray it is done 
afterwards, as the dyeing process would result in the removal of a further quantity of the matenal. 
After drying again, the goods are softened by staking or perching, and ironed after the application 
of a composition containing oil and wax, which results in a smooth glossy surface The process is 
completea by the apphcation of a final gloss and a small quantity of French chalk. 

A large number of processes, combining the use of alum with that of the vegetable 
tanning matenals, are in use. 

Dongola leather, which is one of the most important products of these combination tanniges, 
IS made by handling the skins in a bath containing f^mbier, alum, and salt 

** Green leathers,’* largely made in the West iSding of Yorkshire, are first given a light gambler 
tannage and then handled in a hot and strong solutioa of salt and alum, and finally heavily stuffed 
with Sod ott. 
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Oil Tannage 

The greater part of the raw material used in oil tannage consists of the flesh 
split of sheep skms, the finished product being the ordinary * ^chamois’' or ** wash 
leather/’ The skins are split ^ter the completion of the liming process, and the 
loose and fatty middle layer is removed by a sharp knife on the beam (“ frizing 
Part of the lime in the goods is then removed by means of drenching (see p 581;. 
After draining, as much as possible of the water is removed, either by stocking with 
sawdust in the fuller stocks or by hydraulic pressing. By this means the fibre is 
isolated and opened out and the skin rendered porous and easily able to absorb 
the oil. The goods are then placed again in the faller stocks (Fig 228) and cod oil 
added in small quantities at a tune and evenly distributed by the motion of the 
skins They are then hung to allow evaporation of the remaining water and 
penetration of the oil Care is necessary to avoid any part of the skin drying before 
absorption of the oil, or hard and transparent patches will result The processes of 
oiling, stocking, and hanging are repeated till all the water previously m the skins 
has been replaced by oil The goods are then hung in ‘‘ stoves heated to a high 
temperature in which large quantities of irritating vapours are produced by the 
oxidation of the oils. The oxidation is carried further in the English method by 
packing the skins in large boxes or tubs in which great heat is spontaneously 
generated, which would destroy the goods if allowed to proceed. When the 
maximum temperature, which the skins will safely stand is reached, the goods 
are removed from the boxes and strewn on the floor to cool They are then 
replaced in the receptacles and the process repeated till oxidation is complete and 
no further heating occurs In the French method the oxidation is completely 
effected in the stove without the use of the packmg process 

The goods are then dipped in water and wrung or hydraulically pressed, and 
the excess of oil thus removed constitutes moellon, d^gras, or sod oil, which is an 
extremely valuable material for use in currying, so much so that skins are frequently 
oiled and pressed for the sole purpose of obtaming it 

A further quantity of sod oil of an inferior quality is obtained from the pressed 
leather by paddling with soda or potash solution and recovering the oil by decom- 
posing the soap thus formed by acidification with sulphuric acid 

Buff leather, for military accoutrements, is made in a similar manner from hides 
after removal of the gram by fnzing Bleaching of buff and chamois leather is 
effected by exposure m a damp condition to sunlight, or by means of oxidising 
agents 

A similar product, obtained without the use of oils, is the “ Kaspme” leather of Messrs J. & E. 
Pullman * The goods, prepared as for oil tannage, are treated in a drum with a very dilute solution 
of formaldehyde rendered alkahne with sodium carinate The product is very similar to oihtanned 
leather, but needs no bleaching, being white right through. 

Various other methods of employing oils and fats in ^e tanning of leather are in use, of which the 
“Crown” and “Helvetia” leathers are the most important products. The method of manufac- 
ture of the formei, originally devised by Klemm, consisted in treating the prepared skins with a 
mixture of flour, ox-brains, butter, milk, and soft fat, and drumming in warm drums 

“ Riems” are made m South Africa by cutting a strip of raw hide, and suspending with a heavy 
weight on one end after coating with oil. By repeated oiling and twisting the thong is saturated 
with the oil, and an extremely tough and flexible leather is pr^uced 

Artificial leather, a product of recent years, is made by separating into their constituent fibres 
such substances as waste leather, cotton, paper, felt, etc (as under Paper), then oiling the fibres to 
render them soft, and cementing them together by kneading with a solution of celluloid, viscose, or 
caoutchouc in special machines, drying and calendering I%e product is used for furniture-covering, 
stiff wallpaper, and ornamental articles such as cheap ladies’ ba^, purses, etc 

Pergament, or parchment, is not true leather, but consists of calf skins and the flesh sphts 
of sheep skins well rubbed with pumice stone and chalk paste, and dried in a stretched condition. 
It forms a horny substance, lackmg the flexibility of leather , in a damp condition it may putrefy. 


English Patent, 2,872, 1892. 
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By G Martin, Ph.D., D Sc. 

GLUES AND GELATINE 
LITERATURE 

R, L. Fernbach . — ** Glues and Gelatine ’’ London, 1907. 

Dawidowsky— Brannt —'‘Glue, Gelatine, Cements, and Pastes ” Philadelphia, 1905. 

T. Lambert. — “Glue, Gelatine and Allied Products ” London, 1905 

,, “The Manufacture of Glue and Gelatine” The National ProTisiona 

Publishing Co , U.S A., 1898 

S. Rideal. — “ Glue and Glue Testing ” London, 1900. 

F Dawidowsky — “ Die Leim und Gelatine-Fabnkation ” Vienna, 1906. 

V. Cambon — “ Fabrication des Colles Animales ” Pans, 1907, 

J. Fritsch — “ Fabrication des Colles and Gelatines ” Pans, 1907. 

H C Standage — “ Cements, Glues, and Gums ” London, 1893. 
n “ Agglutinants of all Kinds ” London, 1907. 

J. Phin. — “C ements and Glue ” New York, 1881. 

Ordinary glue is a product of decomposition of nitrogenous matter contained m 
animal skins and bones. When hides are heated with water they swell up, lose 
their organic structure and dissolve to a clear solution, which on cooling — even 
when It contains only i per cent of nitrogenous matter — solidifies to a jelly 
(“ gelatine and dries to a transparent mass, known as glue The dried mass 
will agam dissolve in hot water, giving a solution which has an extraordinary 
adhesive capacity 

Three mam varieties of glue are manufactured: (i) Hide Glue> (2) Bone 
Glue, (3) Fish Glue 

All these kinds of glue have approximately the same composition (C = 49-51 per cent,, 
H =6 5-7.5 per cent., N = i 7 -i 88 per cent ,8—07 per cent ) and consist of a mixture of protein- 
like substances, the chief constituent of which is called “ Glutm ” Glutin has not yet been obtamed 
quite pure, and is an amorphous, tasteless, and odourless substance, which swells up m cold water and 
passes into a colloidal solution in hot water , it is precipitated from aqueous solution by alcohol and 
also by tannic acid, the latter uniting with it to form an insoluble compound, probably connected 
with the insoluble body produced in tanning leather (see Leather) 

Formaldehyde also renders gelatine and glue insoluble. Alum and ferrous sulphate m the 
presence of alkali precipitate glutin. 

When glutm is boiled with water for any length of time it undergoes further decomposition, 
jnelding products very deficient m adhesive capacity and incapable of forming jellies (see p 568). 


Manufacture of Hide Glue 

Fresh waste from tanneries and slaughter-houses (scraps of hide, earlaps, tails, 
tendons, feet of oxen and sheep, etc etc ) is placed m cemented vats filled with 
thin milk of lime and left for three weeks or less. The lime saponifies fatty matter 
(forming insoluble calcium soaps and glycerol), and partially dissolves non-gluey 
matter, such as blood, flesh, corun, thus making the hide loose and soft Nex^ 
the material is freed from traces of lime (otherwise the product will be inferior) by 
careful washing and by treating with acid solutions, e g , dilute sulphurous acid or 
spent tan liquor. Sometimes instead of liming a treatment with SOj, followed by 
bleaching with bleaching powder, is followed 
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The raw product thus obtained is rinsed and then boiled with the proper amount 
(not too much) of water in open tinned pans, usually provided with a false sieve- 
like bottom and heated by steam coils or a steam jacket. The glue dissolves m the 
warm water, but hair and meat remain suspended The fats and calcium soaps 
float to the surface and are skimmed off Long boiling must be carefully avoided 
as it injures the glue When solution is complete the liquid is filtered off as clear 
as possible through the sieve bottoms and run into a vacuum pan and is concen- 
trated at 6o* C (see Fig 21, p. 81, for a type of the vacuum pan employed) 
Higher temperatures seriously damage the sticking power of the glue owing to 
partial decomposition of the glutin. The lower the temperatures used the better 
the glue When the concentration reaches 15-20 per cent., the yellow dirty-looking 
fluid IS partially clarified by SO^ or other clanfying agent. 

Complete decolounsation is usually not possible even by the combined action of SO* and animal 
charcoal Great care must be taken in the use of decolourising agents since they usually seriously 
damage the glue Alum, for example, renders much of the glue insoluble, and affects its adhesive 
properties 


When the proper degree of concentration is attained the glue is poured in a 
thin layer about ^ in. thick over large, flat, smooth surfaces usually consisting of 
surfaces covered with glass plates cooled below by cold water The glue is thus 
rapidly cooled and sets to a gelatine. It is then cut up into tablets of convenient 
size, and rapidly dried at as low a temperature as possible. If the drying is not rapid 
enough putrefaction may set in, as gelatine is an excellent developing medium for 
bacteria , if the temperature of drying is too high the gelatine melts The gelatine 
tablets are therefore usually laid on netting (its impression showing on the finished 
article), and dried in a draught of air at 20® C in special chambers The tablets 
thus produced contain about 15 per cent of water, and a considerable amount of 
ash The less the glue has been boiled and the thinner the plates the better the 
adhesive properties of the product The value of a glue is tested by actual trial, 
the chemical analysis having little value as a criterion of its adhesive quality 

Many attempts have been made to use tanned leather or leather wastes for glue making, but with 
somewhat doubtful success in most cases. Such leather is “ untanned” by treating first with alkali, 
and then with lime. Chrome leather is untanned by dipping in dilute H8SO4, rinsing with H^O, 
and neutralising with lime. The last traces of lime are removed by IICl, then alkali, and the 
product IS finally washed and boiled for glue 

Trotman (British Patents, Nos 5,676, 12,393, 1911) decromes chrome tanned leather for the 
preparation of glue by treating with dilute HCl or H2SO4, washing, neutralising with alkali, 
and treating with sodium peroxide which converts the chromium compounds into chromates, 
which are then removed by washing The amount of NaOH present is controlled by adding 
CaCl2(2NaOH + CaCl2= 2NaCl + Ca(OH)^) Trotman detans ordinary tanned leather by soaking in 
alkali, rinsing, treating with sodium peroxide, nnsing, and neutralising with acid 


Manufacture of Bone Glue 

This IS prepared by several processes 

(a) Acid Process. — The bone is soaked in an 8 per cent solution of HCl 
which extracts the mineral matter (calcium phosphate) The stiff cartilage remaining 
IS washed with lime water and dissolved in boiling water as described under Hide 
Glue 

The acid solution of calcium phosphate is neutralised with milk of lime, and 
gives a precipitate of calcium phosphate, which is used for making manures or as 
a source of phosphorus. A yield of bone fat is also obtained. 

Yield. — 100 parts of bones give 16 glue, 35 calcium phosphate precipitate, 
8 fat. 

The glue thus obtained is equal in every respect to hide glue. The acid, 
however, render the process somewhat expensive, consequently sulphurous acid 



A GELATINE LIQUOR INSTALLATION. 



A, AL ist and 2nd effects (climb' 
in^f film type). 

3rd effect (falling film tj’pe 
with side separator). 

C, Live steam inlet. 

D, Weak liquor feed pump. 

DL Suction to feed pump. 

E, El, hX Regulating feed cocks 

on effects. 

F, Fl. Sight glasses on liquor 

pipes between effects. 

G, Gl, G2, Condensed water 

cocks on effects. 

Condensed water extraction 
pump. 

Concentrated liquor outlet 
cock. 

J. Concentrated liquor e.\ trac- 

tion pump. 

K. Vapour pipe to condenser. 
Ri, K'-i. Vapour pipes between 

effects. 

L. LI, L-. Supporting brackets 

on effects. 

M. Working platform. 

N. Ni, N 3 . Drain cocks. 

O. Surface condenser with air 

pump. 



Fig. 2 37 a. — Kestner Triple Effect Evaporator for Gelatine Liquors. 


Fig. 237A shows a diagram of a Kestner triple effect vacuum evaporator used 
for concentrating glue and gelatine liquors, a and a^ represent ordinary climbing 
film evaporators, such as have been described under “Sugar” on page 158^7. b 
represents a falling film evaporator, such as has been described under “ Condensed 
Milk ” on page 82. 


\To face page 594. 
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under pressure \\d^ been used instead of HCl for extracting the mineral matter— -a 
method which economises the acid and prevents the formation of an insoluble 
crust of calaum sulphite, which otherwise greatly retards solution 

Among other suggested improvements, German Patent, No 166,904 purifies glue by dissolving 
it in warm MgS04 solution and precipitating with HCl ; German Patent, No 168,872 uses mono 
chloracetic acid for extracting glue from bones, while German Patent, 177,625 uses dil ammonia 
for the same purpose German Patent, No. 187,261 bleaches glue by heating to 100* C with 
the basic zinc salt of formaldehydesulphoxylic acid 

{p) The ordinary method is to first extract the bones with benzine or other 
solvent, thus obtaining the bone-fat (see under Fats) Steam is driven through the 
extracted bones to expel all solvent , the bones are then washed in rotating drums 
to cleanse them from dirt, flesh, etc. Next the bones are coarsely broken, placed m 
four iron cylinders and treated several times in succession with steam under 
2 atmospheres pressure and with boiling water The steaming has a disintegrating 
effect which renders the solution of the glue by the water more easy When most 
of the nitrogenous matter has been extracted by the water, the bones (which should 
now contain less than i per cent N) are ground up and used as manure (bone meal) 
The glue solutions are evaporated in vacuum pans as above described 

Since the mineral matter is closely united with the protein material of the bone, the glue is far 
more difficult to dissolve out from bones than from hides , consequently this kind of ^ne glue, which 
has been produced with a considerable amount of boiling, is not so good as the hide glue or the glue 
produced from bones by the acid process Putrefying bones also yield an inferior prwiuct 


Fish Glue 

This IS produced from fish scales and skins, also from fish heads and bones 
(especially cod) by treating with HCl, washing, liming, and boiling with water. 
The manufacture is carried out as with other glues, but alum is often used for 
decolourising Isinglass is the purified and dried inner skin of the sturgeon’s 
swimming bladder Glue has been manufactured from whale blubber (German 
Patent 131,315) by extracting the oil first by cold pressing, then by extracting with 
benzol, the glutinous membrane remaining, dry and entirely fat-free, is then 
worked for glue. 

Fish glue IS used by cabinetmakers, and when properly made is as good as 
other kinds Usually, however, it is deficient in adhesive power 

Uses of Glue. — Glue is used extremely widely for many very different industrial purposes, e g ^ 
for sizing special kinds of paper (drawing) ; m the hat industry , for finishing special kinds of woven 
material, especially silken netting ; in minery for cementing together wooden joints ; in the printing 
industry for making printers* rollers, which consist of glue and glycerin or glue and treacle, forming 
an elastic, non-sticky and durable surface. In the colour industry paints are manufactured by rubbing 
up colouring matters with a solution of glue In modelling and stuccato work a solution of glue is 
mixed with the plaster “English Plaster*’ — used for wounds and cuts — consists of fine netting 
painted over with a solution of isinglass in alcohol. Cements for glass and porcelain usually consist 
of glue and mastic, or some similar resin, dissolved in alcohol In the match industry very large 
amounts of glue are used as binding material 

Testing Glue — The strength of a glue is usually tested by glueing pieces of dry clean wood 
together and ascertaining the force required to break the joint Estimation of glue by precipitating 
with tannic acid is quite useless. 

Gelatine 

Is a very pure colourless and odourless glue obtained either from calves’ heads 
or the cartilage and skins of young animals, only the first extracts being used with 
the best sorts, and concentration by evaporation being avoided The raw material 
must be quite fresh and very thoroughly cleansed, the glue solution is carefully 
clarified, being bleached with sulphurous acid. Gelatine for photographic purposes 
must be especially pure, since the slightest trace of putrefaction causes the generation 
of reducing compounds which act on silver or gold salts in the film. Such gelatine 
is prepared from the head and leg portions of calves, which are useless for leather 
manufacture ; gelatine prepared from skin tissues has a great power of coagulatioa 
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Gelatine is usually made in the form of very thin leaves (to facilitate rapid drying). 
They are frequently dyed with coal-tar colours; sugar and alcohol added madke 
gelatine more flexible. Gelatme is now produced as threads, as a powder, and m 
thick plates 

Uses. — Gelatine is largely used as a food for making jellies, puddings, etc., for which purpose it 
is delicately coloured and mixed with sugar and flavouring materials. In photc^aphy it is largely used 
for preparing negatives, films, etc. Also for heliographical printmg, the process depending upon 
the fact that if a plate covered with a mixture of gelatine ana potassium dichromate is exposea to 
light, the illuminated portions become insoluble, while portions in the shade remain soluble ; hence 
on washing the plate printable pictures are obtainable , formaldehyde also renders gelatine insoluble, 
and IS used for making photographic films, vessels, ornaments, spangles for dresses, etc. The 
gelatine capsules used in medicine consist of gelatine and glycerol In bacteriology gelatine is 
used as a transparent nutrition medium for cultivation Fishing nets and sails arc often coated with 
warm gelatine and then immersed in a concentrated solution of tannin, which renders the gelatine 
insoluble and preserves the fishing nets against the attacks of destructive organisms 

Gelatine is also used for removing turbidity from liquors such as beer and wine — which contain 
tannic acid Isinglass (fish gelatine, consisting of the dried inner skins of the swimmmg bladdei 
of the sturgeon and similar fish) is also much used for cleanng and similar purposes, but is now being 
gradually displaced by gelatine. 

Gelatine, isinglass, and other fish-bladder glues have only a very feeble adhesive 
power 

A vegetable gelatine is yielded by Agar-agar^ a seaweed of the East Indies. 
It IS nitrogen-free, consisting of carbohydrate. 

Glutol or Glutoform is formaldehyde gelatine, prepared by evaporating a 
gelatine solution with formaldehyde or treating gelatine leaves with formaldehyde. 
Insoluble in hot water. Used as an antiseptic powder. 


Liquid Glue 

When a solution of glue is mixed with acetic, nitnc, or hydrochloric acid, or heated with zinc 
chloride, the glue still retains its power of sticking, but has lost its power of gelatinising. The 
following are some well-known receipts* lOO parts glue are dissolved in lio parts boiling water, 
and 40 parts of nitric acid of 35® B^. are added 12 parts glue + 32 parts HgO -t* 2 parts HCl + 3 parts 
ZnS04 Warm ten to twelve hours at 8o®-85® C. 

** Liquid Glue” is usually dextnn (which see) or of vegetable origin (see Gum Arabic, p. 346). 

Marine Glue consists of india-rubber (1 part) dissolved in turpentine or paraffin (12 parts), to 
which are added 2 parts asphalt or shellac. A powerful waterproof adhesive ; must be applied hot. 
Another recipe is add 30 parts finely divided rubber to 2 parts melted tallow , melt carefully and 
stir in 2 parts lime or minium 

Casern Cement is made by mixing fat-free fresh casein (cheese) with milk of lime It must be 
used immediately It is a powerful cement much used by joiners, bookbinders, etc., also for 
cementing glass and porcelain (see Industrial Casein, p 79) 

For other adhesives, gums, etc , see under Dextnn, Gum Arabic, etc 

Statistics — England imported in 1910 of glue, size, and gelatine, 246,500 cwt. (value ;^472,500) ; 
gluestock, 175,200 cwt (value 120, 120) , isinglass, 10,400 cwt. (value 109,800). 

The glue export amounted to 300,300 cwt. (value ;^242,500). 

The yearly sale of glue in the United States amounts to about $12,000,000 The United States 
imported in 1910 73,400 cwt of glue (value $862,000) j gluestock of value $1,605,000; gelatine, 
11,100 cwt (value $387,000) ; isinglass, 3,000 cwt. (value $76,000) 

The United States export of glue was 28,200 cwt (value $299,000) in 1906, and 22,200 cwt. 
(value $262,000) in 191a 
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LITERATURE 

Ruprecht — “Die Fabnkation von Albumen und Eierkonserven ** Vienna, 1904 

Geoffrey Martin.— “The Lecithin and Albumin Industry.” Chemual World, 1913, 2, 47 

Two vaneties of albumen are now on the market, viz , egg albumen and that 
derived from blood serum. They have different properties 

Egg Albumen 

The approximate composition of egg albumen is . Water, 84 per cent , dry 
albumen, 11.9 , fats, etc , 3 6 , ash, o 5 per cent 

Properties. — Egg albumen coagulates at C In a i per cent solution albumen coagulates 

at 56® C The sp gr is r 0026 for a i per cent albumen solution, and i 0515 for a 15 per cent 
Albumen is precipitated from solution by alcohol, tannic acid or tannin, lead acetate, metapViosphoric 
acid, etc. 

Albumen combines with acids to produce acid albumens, and with bases to produce alkali 
albumens It also unites with halogens — in fact it is a very reactive substance All these compounds 
are unstable 

When dried, albumen will keep almost indefinitely Moist albumen soon putrefies 

Manufacture — The eggs are broken, separated from the yellow yolk without 
mixing, the albumen strained through silk gauze lining the lead-lined drums of 
centrifugal machines, allowed to settle for thirty to forty hours (or cooled five to six 
days to a low temperature in iron vessels), when the albumen should be quite clear 
Some firms clarify by a little tannin or acetic acid and turpentine oil and pressure 
through a Vollmersch filtenng apparatus The clear albumen is then dned as 
rapidly as possible m a stream of dry air or tn vacuo (see Fig. 2 1, p 81, in Condensed 
Milk) under 50” C (above this temperature the albumen becomes yellow) for 
about four to six hours, when it is obtained as thin clear elastic sheets , 230-300 
eggs yield i kg dry albumen With water it dissolves to a perfectly clear odourless 
solution 

Industrial Lecithin (yolk powders) is made from the egg yolks above separated. The Lecithin 
forms a pasty mass which is absorbed m wheat protein, and sold as a component of invalid foods and 
for other purposes Leathm is a compound of choline, glycerol, phosphoric and various fatty 
acids, and occurs in the brain -substance, bile, and blood It has great medicinal value For 
methods of extraction see German Patents, Nos 200,253, 210,013, 223,593, and French Patents, 
Nos 37 L 39 ii 390 »^ 3 - 

Blood Albumen 

The freshly caught blood is spread in shallow dishes and when the separation into 
fibrm and pale yellow serum is complete, the latter is treated like egg albumen 
(above) To obtain the albumen quite pure the serum is forced through charcoal 
filters, the albumen precipitated with lead acetate, washed, and the lead albuminate 
decomposed with CO2, settled, the lead removed by and filtered, and the 
albumen evaporated tn vacuo as above desenbed i kg serum albumen requires 
the blood of 2,5 cows, 10 sheep, or 17 calves. For various improvements see 
English Patent 10,227, 1905, and German Patents 137,994, 143,042 


Uses^ — As a mordant in dyeing and calico printing; m the manufacture of 
gums and adhesives; as a clarifying agent, for the preparation of photographic 
papers ; m medical foods. 


Statistics.— The German import in dried albumen amounted in 1910 to 612 tons, in value 


The Unit^ States m 1910 import^ 88 tons (value $29,000) of blo^ albumen ; 312 tons (value 
$269,000) of egg albumen ; and 34 tons of unspeafied albumen (value, $1,200). 
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THE INDUSTRY OF MODERN 
SYNTHETIC DRUGS 


By F. Challenger, Ph D , B Sc 
LITERATURE 

Francis and Fortescue-Brickdale — “The Chemical Basis of Pharmacology 
Bristol, 1909 

Fortescue-Brickdale — “ Guide to the Newer Remedies ” Bristol, 1910 
Frankkl — “ Arzneimittelsynthese ” 3rd Edition. Berlin, 1912 
Nelson. — “ Analysis of Drugs and Medicines ” New York, 1910 
Merck’s Index —1902 
Merck’s Annual Reports 

Waugh, Abbott, and Eppstein — “ Alkaloidal Therapeutics ” Chicago, 1907. 

Keane ~^Joum Sot Chem Ind , 15th April 1910, 388 

Martindale and Westcopt — “Salvarsan (606) ” London, 1911 

Martindale and Westcott — “The Extra Pharmacopoeia ” 2 vols London, 1915 

Ehrlich and Hata. — “ Die experimentelle Chemotherapie der Spirillosen ” Berlin, 1911. 

May — “ The Chemistry of Synthetic Drugs ” London, 19 1 1 

Jowett and Pyman. — “Relation between Chemical Constitution and Physiological Action ” 
Proc Interfiat Congress of Applied Chemistry ^ 1909, Sect IV a, I 

The following works deal with natural alkaloids — 

Winterstein u Trier — “ Die Alkaloide ” Berlin, 1910 
PiciLT — “ Die Pflanzenalkaloide und Ihre Chemische Konstitution ” Berlin, 1900 
Bruhl, Hjelt, u Aschan — “ Die Pflanzenalkaloide ” Braunschweig, 1900 
J Schmidt. — “ Pflanzenalkaloide (Konstitution u. Synthese) ” Stuttgart, 1900 
,, “ Die Alkaloidchemie in den Jahren I900-I9ii ” 3 vols 

For the Patent Literature up to 1905 see Winiher’s “ Patente der Organischen Chemie ” 
877-1905 3 vols For Trade Names of the newer drugs, see list on p 667 (Appendix II ) 


INTRODUCTION 

It is impossible in the space at our disposal to give a complete account of the 
enormous number ot new drugs now on the market The reader is referred to 
the above-mentioned literature for further information All that is attempted is a 
brief account of some of the more important of the drugs — especially the newer 
synthetic ones — which within the last few years have been placed on the market, 
and which will in the future play an important part in therapeutics 

The larger modem chemical firms — such as Burroughs Wellcome & Co , 
Merck ; Meister, Lucius, & Bruning — employ a staff of university-trained scientists 
to synthesise and test new drugs, and some of the recent discoveries made by 
these firms are certainly epoch making The whole chemistry of Ergot, for example, 
has been revolutionised by recent work carried out in the laboratories of Messrs 
Burroughs Wellcome & Co by Barger and others, while equally important 
work h^ been done by Meister, Lucius, & Bruning of Hochst on Adrenalme and 
on the new organic arsenic compounds used in treating sleeping sickness and 
syphilis. 
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Statistics. — The following figures show the mignitude of tie import end export of drags into 
the United Kingdom : — 


Import. 



1906. 

1913- 

Value, 1913. 

Opium • - - 

Quinine and quinine salts- 

Peruvian bark - - - - . 

Chloral hydrate .... 

Chloroform 

Other drugs and medical preparations 

Total - 

825,836 lbs 
i, 973»039 or 
24,602 cwt. 
19,978 lbs 
972 „ 

566,834 lbs. 
2,422,944 or. 
26,122 cwt. 
23,501 lbs. 
1,366 „ 

507, 261 
102,101 
58,000 
2,080 

1,302,800 


• 

Ai, 972.589 


The amount of imported tea f6r the manufacture of caffeine was 1,500,000 lbs. 
(value 0,300) in 1913 

Export. 



1906 

1913- 

Value, 1913 

Cocaine - 
Morphia 

Opium .... . . ! 

Quinine and quinine salts - ! 

Other medicines and drugs 

1.059.948 02 

3,300 or 
400,000 ,, 
12,100 lbs 
1,374,000 or 

;i’l,000 

193,000 

12,400 

72,600 

2,072,000 


The United States imports (entered for consumption) m 1910 were — 



Quantity 

Value 

Caffeine - - ... 

60,500 lbs 

$100,500 

Chloroform 

960 „ 

1,500 

Cinchona bark - - ... 

Quinine sulphate, quinine, and other alka- 

3,300,000 „ 

242,000 

loids from cinchona bark 

3,000,000 or 

398,000 

Cocaine 

29.600 „ 

38,000 

Cocaine salts, ecgonine - • . . 

24,900 „ 

42,000 

Ergot 

181,600 lbs 

53*000 

Ichthyol - • ... 

14,400 „ 

21,500 

Iodoform 

31 77 

97 

Opium 

4397O00 „ 

i7575»ooo 

Morphia and salts - - . . - 

13,000 oz 

60,000 

Other opium alkaloids .... 

23,000 „ 

66,000 

Santonin and salts • . - . 

7,300 lbs 

53*000 

Strychnine and salts .... 

2,000 or 

1,000 


ANAESTHETICS 

Anaesthetics may be divided mto (a) General Anaesthetics, {p) Local 
Anaesthetics. 

(a) General Anaesthetics 

Produce total insensibility to pam. Usually administered by inhalation. The most 
important are — 

Chloroform, CHCI3. — For manufacture and properties see p. 377. For 
anaesthetic purposes it should contain x per cent, absolute alcohol, or it undergoes 
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decomposition. Used for operations where a considerable interval of ansesthesia 
is required 

Etbef) C2H5 O — For preparation and properties see p. 381. Anaesthesia 

endures for a shorter time than that produced by chloroform. 

Ethyl Chloride, CgHgCL— Obtained by passing dry HCl gas into ethyl alcohol 
in the presence of ZnClg (see p 377) B.P 12 5® C , hence is gaseous at ordinary 
temperatures. Miscible with alcohol Sparingly soluble in HgO. Produces anaes- 
thesia in 30 to 120 seconds, which endure^ for fifteen to twenty minutes Only 
one nineteenth the paralysing action on the heart of that possessed by chloroform 

Ethyl Bromide, CgH^Br — Now produced very pure by Merck Colourless 
liquid of B P. 38 4® C , sp gr (13® C ) i 47 Produces extremely rapid anaesthesia^ 
but has a somewhat irritating action on the lungs 

Narcotil is a mixture of methyl and ethyl chlondes. 

Somnoform consists of the same ingredients with the addition of ethyl 
bromide 


{b) Local Anaesthetics 

There is a large and increasing number of organic compounds which, under 
suitable conditions, can render certain definite portions of the body insensible 
to pain (“local anaesthesia”) Certain alkaloids, for example, when dropped upon 
the eye in the form of solution, render possible operations which would otherwise 
have to be performed under the influence of chloroform or one of the other general 
anaesthetics Similarly, when such a substance is injected at the base of the spine, 
the whole of the region of the loms is rendered completely insensible to pain 

The di^overy of the action of these drugs is one of the very greatest importance to the medical 
man, and dunng the last ten years they have almost superseded chloroform for the performance of 
several of the less serious operations Moreover, m cases where, for several reasons, it is not yet 
considered advisable to dispense with the use of a general anaesthetic, the quantity of the latter 
which is required has been considerably reduced by administering a local anaesthetic as well This 
is of special importance in cases where, owing to certain diseased conditions of the organism, the use 
of chloroform is attended with more than the usual amount of danger 

Most of these drugs are administered by injection into the region which it is desired to anaesthetise* 
For operations upon the eye, the solution is usually applied in the form of drops 

The chief local anaesthetics employed are — 

Cocaine, Ci7H2iN04, a white crystalline alkaloid occumng in the leaves of 
Erythroocylon coca of Bolivia and Peru The leaves contain i per cent ether soluble 
alkaloids, about half of which is cocaine, the other alkaloids including tropacocaine, 
truxilline, cinnamylcocaine, and hygnne. The leaves are exhausted with water at 
6o®-8o® C , protein matter precipitated with lead acetate, excess of lead removed 
by Na2S04, the filtered solution concentrated, made alkaline with ammonia, and 
the alkaloid extracted with ether 


Cocaine is raethylbenzoylecgonme, ecgonme being a carboxyl derivative of tropine Its 
relationship to atropine, the alkaloid of Atropa belladonna or the Deadly Nightshade, will be seen 
from the constitutional formulae — 


CHg CH CHj 

N.CH, CHOH 


‘H 2" - (ij 


H CHa 

Tropmc. 


CHa CH CHg 



Atropme. 
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CH, CH CH COOCH, 

I l/H 

N.CH, C< 

I I N) COCeH, 

tHa CH CHa 

Cocaine 

Other alkaloids, with very undesirable action, which occur in the coca leaves, may be converted 
into ecgonine by heating with HCl. Pure cocaine can then be prepared synthetically from ecgonine. 

Properties. — Large colourless crystals, M P 98* C. , bitter taste ; very sparingly 
soluble in water; soluble in alcohol, ether, benzene, chloroform, etc Forms 
monovalent salts with acids 

In small doses the drug sustains muscular energy, raises the body temperature 
and blood pressure Dilates the eye pupiL Excess causes death by convulsions. 
Its chief value is its power of paralysing nerve-ends, and so causing local anaesthesia 
for minor surgical operations Maximum daily dose, o 15 g , maximum single 
dose, 0.05 g For mjections a 5-10 per cent, solution is used 

Tropacocaine=»benzoyl-\^*tropine, Ci5NigN02 Accompanies cocaine in the 
leaves of Erythroxylon coca , sixty-three times less toxic than cocaine, and its action 
commences more quickly. No dilation of the pupil It is an excellent local 
anaesthetic, and is coming more and more into use 

Synthetic substitutes for cocaine are : — 

Anaesthesine, NHg ^ .COOC2Hg — Obtained by reducing /-nitrobenzoic 

ethyl ester with Sn + HCl Excellent anaesthetic of low toxicity and non-irntant 
power. Used for anaesthising wounds and checking vomiting 

Novocaine, NH2.<^ ^ C02CH2CH2N(C2H5)2,HC1 — Excellent local 

anaesthetic, used in dentistry, and for the production of spinal anaesthesia Often 
used with adrenaline 

Stovaine forms white, lustrous scales, MP 175*, readily soluble in water, 
prepared by the interaction of magnesium ethyl bromide and dimethylaminoacetone, 
and subsequent benzoylation of the product thus formed It has the constitution . — 

CHa 

CH, CH, C— 0~C0 CeH, 

<!:h2.n (CH,)2 HCl 

As little aso3Cc. ofa 10 per cent, solution are sufficient to produce anaesthesia 
in the legs below the knees 

Much used as a local anaesthetic in dental, ophthalmic, and minor surgical 
operations Much less toxic than cocaine 

Alypine has the constitution 

CH,.N(CH,), 

c,h,.(!:-o-co-c,h, 

Readily soluble in HgO and probably superior to stovaine as a local anaesthetic. 
Used as a substitute for cocaine in 1-5 per cent solution 


CH, CH CHCOOH 

i.CH, (!:hoh 
11 

CH, CH CH, 

Ecgonine. 




SYNTHETIC DRUGS 


60s 


When administered along with heroine (diacetylmorphine) the demulcent and sedative effects 
ot the latter drug are enhanced, and the combination has proved very successful in allaying the 
nocturnal cough of pulmonary tuberculosis.* 

The Eucaines — The important results which usually follow the determination 
of the chemical constitution of any important physiologically active substance are 
well instanced by the existence of a- and / 3 -eucaine. 

The preparation of these two compounds was a direct outcome of the various 
attempts which were made to prepare substances chemically related to cocaine 


\ Preparation of the Eucaines — By the condensation of 2 molecules of acetone with 1 
of ammonia, diacetoneamme is formed (I ) If this be allowed to react with a third molecule of 
acetone, the symmetrical triacetoneamine is obtained (II ) If instead of allowing the diacetoneamme 
to react with acetone, acetaldehyde be used, the product is a substance known as vinyldiacetoneamine 
(III ) Thus — 



(CHglsC CHa 

NH CO 
CHjjCH— CH2 

(III) 

Vinyldiacetoneamine 


CH3C *♦" 



Acetaldehyde 


(CH3)aC CHg 

NHg CO 


CH, 

(I) 

Diacetoneamme 


+ (CH3)2C0 



Acetone 


(CH,),C CH, 

NH CO 

(CHjja C CH, 

(H) 

Triacetoneamine 


Triacetoneamine is a crystalline solid, M P 39®-40* It has a strong alkaline reaction and 
Its odour IS ammoniacal, and also similar to that of camphor When converted into its cyanhydrm, 
and then hydrol}sed, methylation and benzoylation of the resulting hydroxy acid yield a-eucame 


(CH3)2C CHa 

(CH3)2C CHa 

(CHglaC 

1 1 

1 i yOH 

1 

NH CO — 

-> NH C< 

> CHj-N 

1 1 

1 1 ^COOH 

1 

(CHglaC CHa 

Triacetoneamine 

(CHglaC CHa 

(CH,)a.C 


II II yWlX I I yO COCgHj 

NH CO > NH C< > CHj-N C< 

II II ^COOH I I X:OOCHj 

(CHglgC CHa (CHglaC CHg (CH,)a.C CHg 

Triacetoneamine a-£ucaine 

Vinyldiacetoneamine is a volatile base, M P. 27®, B P 200*, which forms salts with acids. 
When the carbonyl group in this substance is reduced, benzoylation yields a derivative, the hydro- 
chloride of which IS ^-eucame 

(CHsl^C: CHa (CHjlaC CHg (CH3)2.C CHa 


NH CO 


I 

NH C< 

i r 

, CH— CHa 


HCl.NH C< 


>.COC«H, 


CH3 CH— CHa CHj CH— CHa CH3 CH— CHg 

Vinyldiacetoneamine p Eucaine 

a- and / 3 -eucaine are colourless crystals, the former soluble m 10 parts and the 
latter in 30 of water a-Eucaine has been abandoned in practice owmg to its 
irritant action on the tissues 

The aniesthetic action of p eucame is somewhat feebler than that of cocaine, and m consequence 
of Its vasodilatory properties it mves rise to haemorrhage and causes pam when injected. It has also 




Laufer, “ Merck’s Reports,” 1907, 21 , Reuh5-Mtdt%tnsU-An%etg€r^ 1907, 17. 
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been largely overcome by Langgaard * by combining jd*eucaine with lactic acid, when a product 
obtained which is non-irritant and causes neither local anaemia, hypersemia, nor snrinkage 
Injections of j 3 -eucaine have been employed by Opitz t with very great success in the treatment of 
sciatica and neuralgia, the drug having a decide curative as well as analgesic effect 

In spite of the similarity in chemical constitution between the eucaines and cocaine, they are 
hardly such satisfactory substitutes for the latter drug as tropacocaine 


SYNTHETIC ANTIPYRETICS 

Acetanilide, or Antifebrin, CgH^NH.COCH^, prepared by heating in 
earthenware vessels for one to two days equal parts of aniline and glacial acetic acid 
C^Hg.NHa + CHg COOH - H^O + CeH^-NH CO CH3. 

Used as a febrifuge in cases of typhoid fever, small-pox, phthisis, rheumatism, 
and erysipelas Prolonged use is dangerous 

Acetylsaiicylic Acid (Aspirin), C3H4(C02.CH8) COgH, prepared by heating 
salicylic acid with acetic anhydride or acetyl chlonde, and recry stallising from 
chloroform See also American Patent 749,980 and English Patent 15,517/02 
White needles, M P 135*. Moderately soluble in water, easily in alcohol and ether 
Dose, o 5 g j 4 g may be given daily for rheumatism and neuralgia. 

/O.CgHg 

Phenacetine is acetyl /-phenetidme, Preparation,-- 

Phenol, C3H3OH, is nitrated, aud the /-nitro-phenol, C3H4 (NOg) OH, is separated 
from the ( 7 -compound, and ethylated with ethyl sulphate, whereby CgH^NOg) OCgH^ 
is produced. This is reduced with Sn -b HCl, thereby producing Hhenetidine, 
C3H4(NHg).OCgH5, which is then acetylated by boiling with acetic acid, thus 
producing phenacetine, C3H4 (OCgHg) NHCOCHg White crystals ; tasteless ; 
valuable antipyretic and antineuralgic Dose, o 5-0 75 g Very largely used, 
England importing about tons yearly Owing to its sparingly soluble nature its 
action takes place slowly. This defect is partially overcome by introducing an NHg 
group into Its acetyl group, thus producing Phenocoll 

Triphenine is propionyl-/-phenetidine, C3H4(OC2H5)NH{CO.CH2 CHg), pre- 
pared similarly to phenacetine by heating /-phenetidine with propionic acid Very 
sparingly soluble in HgO M P i2o’ C Antipyretic and antineuralgic 

Phenocoll, C3H4(OC2H5) NH CO.CHg NHg. — It is prepared by acting on 
phenetidme with chloracetyl chloride, and treating the resulting compound with 
ammonia, its salts are soluble in water It is a rapidly acting antipyretic and 
antineuralgic, but is transitory in its effects 

Neraltein, a new drug, is the sodium salt of /-ethoxyphenylaminomethane- 
sulphonic acid, white crystals, soluble in 10 parts of cold water 

^NH.CH»SO,ONa + H* 0 . 

Only slightly toxic, and in small doses produces no irritation of the kidneys; 
possesses good analgesic properties, and has been used m slight cases of rheumatism. 

Antipyrine is the most important member of the ** pyrazolone drugs.” 

Manufacture — Phenylhydrazme (II.) (216 parts) is dissolved in dilute sulphuric acid (300 g. 
of acid in 2 1 of water). Ethyl acetoacetate (I.) (260 parts) is then allowed to flow into the solution 
at a temperature of about 40*', the mixture being stirred constantly Atter the reaction is at an end, 
excess of caustic soda solution is added and the mixture extracted with ether. From the ethereal 
extract, after washing with caustic soda solution and drying over calcium chlonde, methyl-phenyl- 
pyrazolone (III.) IS obtained as an oil which can be distilled in vacuo. 

When 200 parts of this are heated with 140 parts of methyl iodide and 200 parts of methyl alcohol 
at xoo*-xio* for twelve hours, metbylation takes place. After removing the idcohol by evaporation 


* ** Merck*s Reports,’’ X904, 63 ; ThorapcuHscko Monatshcfte^ X904, No. 8, 4x6. 

t Ihtd, X907, 97 ; Khntsch^tkirapouHscho- Wochcnuhrift^ X907, No. 14. 
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the residue is decolourised with a little dilute solution of sulphurous acid Caustic soda is then added 
and the precipitated oil extracted with benaene from which solvent the drug can be crystallised 


CHjCO 

in, 

okoCjH, 

(I) 


£thyl acetoacetate 


HjjN 


HN QH, 
(H) 

FbenylhydratcuM, 




CH3 C-~CH2 

I - 

\y 

N C,II. 

(Ill ) 

Methyl phenylpyrazolone. 


CllaC^CII 

CHgN CO 

\/ 


(IV) 

Antipyrine 


CH— CHa 

i io 


\/ 

NH 

Pyrazolone 


Antipynne (IV.) forms colourless, inodorous, scaly crystals possessing a bitter 
taste, readily soluble in water, chloroform, or alcohol MP 112*- 113“ Acts as 
a base forming salts directly with acids Much valued for the treatment of fever, 
neuralgia, and rheumatism Dose, o 25-2 g daily 


Tussol — prescribed for whooping cough — is the antipynne salt of Mandelic acid 

MigrUneine is a mixture of caffeine citrate and antipynne, used for headaches, etc., as an 
antipyretic and antineuralgic 

Sahpyrme is antipynne salicylate 


Pyramidone, 4-dimethylamino-antipyrme, is prepared from antipynne hydro- 
chloride by the action of nitrous acid whereby a nitroso-antipyrine is produced (I ) 
On reduction this is converted into aminoantipyrme (II ) which is isolated m the 
form of Its benzylidene derivative On treatment with methyl iodide it yields 
pyramidone (III ) This forms small colourless crystals of slightly bitter taste which 
are readily soluble in water M P 108*. 


CH3C==CH 

CH,N io 
\/ 
NC,H, 

Antipyrin.. 


CH3C=C no 

1 I 

CH, N CO 
\/ 
NC,H, 

(I ) 


CH. 


CH3C==C NHa 

N CO 

\/ 

NC,H, 

(H) 


CHaC^C N (CIIj), 
CH,N io 


\/ 

nc,h, 

(III) 

Pyramidone 


Pyramidone possesses advantage over antipynne m that it may be prescnbed in cases where there 
IS cardiac weakness The effective dose is only one-third that of antipynne while it has no irntant 
effect on the stomach or kidneys 

It has been largely used to allay the high temperatures of typhoid fever and of phthisis, and 
also m neuralgia and rheumatism 


Trigemine is dimethylammoantipyrine f butyl chloral hydrate, ^ 17 ^ 24 ® 
or: — 

CHj 

iiici 
+ (!:ci. 


CH, 

/K 


CH,— N C— N< 

I / 

C,H,-N-CO 


^CH, 


CH, 


CH 

/'\ 

HO OH 


It is prepared by mixing dimethylaminoantipyrine with butyl chloral hydrate. 
M P. 85*. Soluble m H2O, alcohol, and benzene, less so in ether and ligroin Has 
an analgesic effect, and is prescnbed for headaches, neuralgia, etc. Mild antipyretic 
Dose, 0.S-1.2 g. 
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HYPNOTICS 

An ideal hypnotic will produce a normal sleep as differentiated from a narcotic 
which produces unconsciousness by intoxication 

The first hypnotic used was Chloral Hydrate, CCl3CH(OH)2 (1869), the 
manufacture and properties of which are treated on p 379 Chloral hydrate, while 
producing sleep, exerts a depressing action on the heart, sometimes acts as a toxic 
agent, and often sets up the “chloral habit” Consequently a large number of 
substitutes have been sought 

Dormiole is amylene chloral, CCI3 CH(OH) O CsH^i, produced by mixing 
6 parts amylene hydrate -f 10 of chloral Colourless oily liquid, insoluble in water, 
soluble in alcohol, ether, acetone, etc. Useful and harmless soporific in heart 
disease and nervous troubles, etc. 


Isopral is trichlorisopropyl alcohol, CCI3 CH(OH) CHg, prepared by 
treating chloral with methyl magnesium iodide and decomposing with dilute acid — 


CCls CHO + CH3 Mg I = CCls-CH (OMgl) CHg + HgO = CCI3 CH(OH) CHg + Mg(OH)I. 

Colourless crystals, M P 49® C , soluble in alcohol, ether , sparingly soluble in HgO. 
Twice as powerful hypnotic as chloral hydrate Dose, 0.5 to i g In insanity, 2-3 g. 


Acetone Chloroform, Chloretone, (CH8)2 C.(OH).CCl8, is used as a soporific, 
inhalation anaesthetic, and a remedy for sea-sickness 


Sulphonal, diethylsulphonedimethylmethane (III ), is prepared by condensing 
acetone with ethyl mercaptan (I ) and oxidising the resulting compound (II ) with 
potassium permanganate 


CH, 

CH, 


> 


CO 


Acetone 


HS C2H5 

HS C2H3 
(I) 

Ethyl mercaptan 


CHgv /S CgHg 
/ ^S.CaH* 


CH; 


CH,s. /SO2 CaH 

X 


CH. 


(II) 


SO* C*H, 
(III) 

Sulphonal 


Heavy, colourless prismatic crystals, M.P. 125.5*, soluble in 500 parts of water, 
133 parts of ether, and 65 parts of alcohol at 15® C, and in 15 parts of boiling 
water It should be free from odour. Used as a sleep producer (dose, 10-20 gr. = 
o 65-1.3 g ), also presenbed in epilepsy and in diminishing the sweats of phthisis 


Single, occasional doses do not affect the health, but the continued administration of the drug 
has been known to lead to serious consequences, such as mental confusion, difficulty of speech and 
breathing, paralysis of the legs, and finally death 


Trional and Tetronal are two drugs closely allied to sulphonal. Then 
constitution is shown below • — 


CHg. /SO2 C2H5 
CaH/ \SO2C2H3 

(I) 

Trional 


CgHg. ^SOa CaHg 
CaH/ ^SOgCaH, 

(ID 

Tetronal 


The methods employed in their manufacture are analogous to those employed for 
sulphonal 


Trional forms colourless crystals, M.P. 76*, readily soluble in alcohol and ether, 
slightly so in water. The dose for insomnia is from 1-2 g., as an anhydrotic from 
5 g. It is contra-mdicated in certain affections of the heart. 
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Tetronal forms lustrous leaflets melting at 85* and possessing the solubilities 
and general action of the last two drugs Dose, the same as for trional 


The physiological action of these drugs depends on the presence of the ethyl groups, since 
dimethylsulphonedimethylmethane (I.) is practically without hypnotic effect Moreover, the 
intensity of the physiological action increases as we pass from sulphonal to tetronal, t e y as the 
number of ethyl groups increases In this connection it is interesting to note that if one of the 
methyl groups in sulphonal be replaced by a phenyl group, the resulting substance {II ) is devoid 
of soporific effect, but if both methyl groups are so replaced an intensely poisonous compound (III ) 
IS obtained 

CHgv /SOa-CHs .SOg CgHg 

CH/ \SOa.CH, C,h/ C,h/ ^SO, CjH, 

(I ) (11 ) (III ) 

Keane,* in a lecture delivered before the Liverpool Section of the Society of Chemical Industry, 
draws attention to the fact that the ethyl groups of the sulphone hypnotics are the agents whereby 

> >SOa — 

, which IS really the carrier of the soporific action, can be brought into 

^SOg— 

combination with the protoplasm of the living organism 

Hedonal, methylpropylcarbinolurethane, NHg CO O CH(CH3)(C8H7), is pre- 
pared by acting on secondary amyl alcohol, (CH8)(C8H^CHOH, with ethyl chloro- 
carbonate, and then treating with NH3 Crystals, Mr. 76*, sparingly soluble in 
cold, easily in hot HgO Hypnotic in cases of hysteria or neurasthenia Dose, 
I 5-2 g in alcohol 


Veronal, t diethylmalonylurea, or diethylbarbituric acid, CgHjgOgNg, introduced 
into therapeutics in 1903 by Emil Fischer and von Mering, is prepared by the 
condensation of diethylmalonyl chloride (I ) or ethyl diethylmalonate (II ) and 
urea — 


NHH 

CO 

NIIII 

Urea 

NHH 

CO 

NHH 

Urea 


Cl CO 


/C,H5 

c 

I 

Cl CO 

Diethylmalonyl 

chloride 

(I ) 

QIIjO CO 


1/ 

l\ 


QH, 


CaH, 


CjIIjO CO 

El 

liethyh 

(II) 


Ethyl 

diethylmalonate 


/ 


NH CO 

/QH, 


CO C 


l\ 


C2H, 


NH CO 

VeronaL 


Small transparent crystals; M P, 191"*, soluble in 145 parts HgO at 20* C, 
12 parts HgO at 100" C The monosodium derivative is more soluble, and so is 
frequently employed. An excellent soporific (dose, 05-1 g) Used m seasick- 
ness, vomiting, etc. 


* /ourn Soc Ckem Indy 15th April 1910 

+ See Merck’s “ Annual Reports,” 1903-1910, and a pamphlet entitled ** Veronal,” also published 
by the same firm. 
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It is very much to be preferred to other drugs m cases where the patient may have to receive a 
hypnotic for a protracted period, since there seems to be no evidence to show that it produces a habit, 
although in time the effective dose of the drug may have to be raised slightly. In such cases the 
treatment may advantageously be varied by the prescnption of proponal (see below). It has been 
successfully used as a partial substitute for morphine in the early stages of treatment of patients 
striving to break off a habit for that drug 


Proponal* is dipropylmalonylurea or dipropylbarbituric acid : 

NH--CO 

CO 
NH 

The preparation is analogous to that of veronal It is less soluble than the latter 
drug, dissolving in 70 parts boiling and 1,640 parts cold water Dose in simple 
insomnia = 0 15-0 2 g. 


C.C.H, 


It not infrequently produces a remarkably prolonged effect, a feeUng of drowsiness persisting for 
some hours after awakening This drug seems to be quite equal to veronal in its freedom from 
unpleasant effects. 

It is probably the presence of the urea residue which is responsible for the soporific effect m 
veronal and proponal This is evident from the fact that while the amide of diethylmalonic acid (I ) 
has no hypnotic effect, diethylacetyl urea (II ) — ^in which a urea residue has been introduced — is as 
strong a h 3 rpnotic as sulphonal The action of the urea radical is greatest when it is present m the 
form of a cychc ureide, as in the veronal group of hypnotics (III ) 


CO NHa 

CO NH CONHg 

CO— NH 


1 /C.H. 

^0 

CO-NH 

CO NHg 

H 


(I) 

(ID 

(HI) 


Amide of diethylmalonic acid 
No hypnotic properties 


Diethylacetyl urea 
Hypnotic properties 


Hypnotic group in veronal and proponal 
Strong hypnotic properties 


Overtont has shown for a large number of hypnotics that the mtensity of the 
narcotic action of a given drug is proportional to the ratio between its solubilities 
in oil and in water (/ e , distribution coefficient) 


The discovery is important because the material of nerve cells is largely composed of oily of 
feitty substances (lipoids) 

The narcotic drug, after introduction into the system, rapidly finds its way into the blood, in 
which condition it is practically in aqueous solution , the extent of its narcotic action, or, in other 
words, the extent to which it permeates the nerve cells, depends, therefore, on the ratio between 
Its solubility in the serum and in the cell lipoids This applies, of course, to drugs such as 
chloroform and ether as well as to sulphonal, tnonal, etc 


ADRENALINE 

Adrenaline (epinephrine, suprarenine, hemisine), the active pnnciple of the 
suprarenal capsules, has the constitution — 

OH 

CHgNH.CH, 

Adrenaline forms white, light crystals, M.P. 2io**-2i2*, very sparingly soluble in 
water, alcohol, and ether; soluble in dilute acids. The aqueous solution has a 



* Merck’s “Reports,” 1905-1909. 

t “Studien ttbar Narcose,’^ Dissertation, Jena, 1901 ; see also Pfluger’s Archives^ 92, 115-280. 
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bitter taste and is faintly alkaline. In alkaline and neutral solution it is a strong 
reducing agent, absorbing oxygen from the air and turning brown, the change being 
accompanied by a diminution in physiological activity. 

Adrenaline is known m all three possible forms, viz., laevo-rotatory (/), dextro- 
rotatory (</), and racemic {dl) 

In the suprarenal capsules only the laevo-rotatory base occurs, and this is by far the most physio- 
logically active, being (as regards rise of blood pressure) twelve to fifteen times stronger than the 
^-modification, and twice as strong as the dl or racemic variety 

{a) Extraction of /Adrenaline from the Suprarenal Glands— Taka- 
mine extracted at 95* C. the dismtegrated suprarenal glands of sheep or oxen with 
water acidulated with HCl or acetic acid, concentrated the extract, added alcohol 
until no further precipitate was thrown down, filtered, evaporated tn vacuo, and 
rendered alkaline with ammonia In a few hours adrenaline crystallised out and 
was purified by solution in acid and reprecipitation with ammonia. 112 kg of 
fresh tissue yield 125 g adrenaline. [«]©=■ - 51 4* m HCl 

ip) Synthetic Preparation of Adrenaline (Stolz) — Chloroacetylchlonde (I ) 
or a mixture of monochloroacetic acid and phosphorus oxychlonde is made to react 
with catechol whereby chloroacetylcatechol (II ) is produced This is then mixed 
with alcohol, and an aqueous solution of methylamine run into the cooled mixture. 

The methylamine salt of the chloroacetylcatechol is first produced, but on stand- 
ing changes to methylaminoacetylcatechol (III ^ which crystallises out This ketone 
IS known as adrenalone , its salts with acids differ from those of adrenaline in that 
sodium acetate precipitates from them the free base 

By reduction of a solution of adrenalone sulphate by means of aluminium turn 
ings t in presence of mercunc sulphate, adrenaline (IV ) is obtained 


Dakin 1 has also reduced adrenalone electrolytically. 



OH 

OH 

OH 


/\OH 

n°“ 


CH,a coci 

y, 

1 

y 

CO 

Y 

CHOH 


CHaCl 

1 

1 

(I.) 

(II.) 

CH3 NHCH, 
(HI) 

CHa NHCH, 
(IV) 

Chloracetyl 

chloride. 

Chloracetyl 

catechol 

Adrenalone 

Adrenaline 


This preparation of synthetic adrenaline was earned out by Stole whilst working in the laboratones 
of Messrs Meister, Lucius, & Bruning 

The product is known as synthetic or racemic adrenaline, and is about half as physiologically 
active as the natural /-rotatory adrenaline The resolution of this racemic adrenaline into /-adrenaline 
— identical in all respects with the natural product — and ^/-adrenaline, has been achieved by Flacher 
(also of Meister, Lucius, & Bruning’s staff) as follows — 

Resolution of Synthetic Racemic Adrenalme.§ — Synthetic adrenaline is dissolved in a hot 
methyl alcohol solution of the molecular equivalent of df-tartaric acid, the alcohol removed tn vacuo 
at 3S*"40*, and the residue crystallised by seeding with the acid rZ-tartrate of /-adrenahn The 
crystals of the acid rf-tartrate of <//-adrenaline are then stirred with methyl alcohol, when the acid 
flf-tartrate of the /-base remains undissolved while the isomeric salt passes into solution The crystals 
are filtered off, washed, and recrystallised from alcohol until a product is obtamed melting at 149® 
The laevo-adrenahne recovered from this showed a rotation of [a]o -51 4* in dilute hydrochloric 
aad solution, melted at 2II*-2I2* (the melting point of ^//-adrenaline), and was identical in all respects 
wiUi the natural /-adrenaline obtained from me suprarenal glands 

The dextro-adreoaline is obtamed by regenerating the base from the methyl alcohol mother 
liquors, and submitting it to a similar treatment with /-tartanc acid, M.P, 2ii®-2i2® , [a]o =* +Si 9* 
ill HCl. Very little physiological action. 


• Bull. Soc. Chim. [3], 13 , 1911 {1894). 
t Cent Blatt., 1905 (I ), 315 
t Ibid. (IL), 57. 

I Flacher, Hoppe-Seyler’s Zetttchnft, Vol. $8, part 3, p. 189. 
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Clinical Uses of ^Adrenaline. — When injected subcutaneously it intensely 
contracts the artenes and increases the blood pressure. 

So enormously powerful physiologically is adrenaline that the injection of one-millionth of a gram 
for every 2 lbs weight of an animal causes the blood pressure to suspend a column of water 7 m. 
higher than it would otherwise do A dose of one-twentieth of a milligram intravenously injected 
in rabbits doubles the general arterial blood pressure, and less than one-millionth of a gram gives 
a distinct action 

The contractile effect on the artenes is so great that it drives blood away from 
the injected tissues and thus allows “ bloodless ” surgery, adrenaline being to-day 
the most valued styptic known. 

It has been used m ophthalmic surgery in conjunction with cocaine or similar drugs (see 
Section I , p 603) for the production of local ansesthesia along with anaemia of the conjunctiva 
If administered along with an anaesthetic such as chloroform or ether, adrenaline tends to prevent 
the fatal collapse which sometimes occurs under these conditions, while for minor operations, as in 
dentistry, when employed along with cocaine, it prevents severe bleeding 

It is employed m the earlier stages of Addison^s disease, which arises from a 
diseased condition of the suprarenal glands It is also used in cases of catarrh 
Strength of solution used for injection is o.i-ooi per cent, maximum dose for 
injection *= o 0005 g 

The introduction of adrenaline into Surgery is largely due to the scientific work 
of the firm Meister, Lucius, & Bruning 

A number of important recent researches have been made on the connection between the 
physiological action of adrenaline and its chemical constitution, with the object of ultimately 
synthesising other drugs with similar or more powerful characteristics See Dakin, Proc Roy Soc, 
Lond , Series B, 498-503 , also Cent Bl , 1905, 11 1458, and Journ Phystol , 1905, 32, p 35 ; 
Loewi and Hans Meyer, Cent Biait , 1905, iiii , Barger and DalCt/ourn Phystol , 1910, 41, 19 

3 4'Dihydroxyphenylethylinethylainine, HO\^ CH, NH.CH, 

HO 

is closely allied to adrenaline both in formula and physiological action It is pre- 
pared by the degradation of papavenne (compare Pyman, Trans Chem Soc ^ 191O1 
97, 264), and IS placed on the market by Burroughs Wellcome & Co under the 
name “ Epinine ” 


ERGOT, Etc. 

Ergot (C/avtceps purpurea^ Sclerottum clavus^ and Spermaldia clavus)^ a dark- 
coloured fungus which attacks damp rye and other grasses, and when contained in 
flour causes the disease known as Ergotism, is much used in midwifery for causing 
powerful contractile action of the pregnant uterus When injected, it produces a rise 
in blood pressure, and is sometimes used to check haemorrhage from the lungs and 
other internal organs 

Formerly no method of testing the efficiency of the various ergot preparations was known, but 
now the strength is ascertained by noting the quantity required to blacken (cause gangrene) a cock’s 
comb 

Ergot is detected in flour by extracting with boiling alcohol, acidifying with H2SO4, and examining 
the alcoholic extract spectroscopically If ergot is present the solution is reddish and shows 
characteristic absorption bands 

Chemical Constituents of Ergot.— Ergot is a complex mixture of alkaloids. 
The chief physiologically active ones isolated are ; — 

Ergotoxine, white amorphous powder, is the physiologically 

active principle of ergot, since it produces a strong rise in blood pressure, causes 
gangrene of the cock’s comb, and powerfully contracts the pregnant uterus, although 
having little effect on the isolated non-pregnant uterus 

/“Hydroxyphenylethylamine, HO ^H2.CH2.NH2, is present in the 
aqueous extract of ergot, from which it was extracted and later on synthesised by 


Barger and Carr, Trans , 1907, 91, 347 ; Barger and Ewins, 1910, 97, 284 
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Barger {Proc, Physiol, Soc,<t 1909, 37, 77; Btochem Journ , 1907, ii 240; Trans, 
Chem, 1909, 95, 1123, 1720). M,P i6i* Is now placed on the market by 
Messrs Burroughs Wellcome & Co under the name Tyramine In addition to 
raising the blood pressure and producing strong contraction of the pregnant uterus, 
It greatly increases the vigour of the hearths action, and may be administered iii case 
of shock or collapse 

Isoamylamine, (CH3)2CH.CHj^.CH2.NH2, isolated by Barger (loc, at) from 
aqueous extract of ergot by steam distillation Increases the blood pressure and 
contracts pregnant uterus 

Both /-hydroxyphenylethylamine and isoamylamine are present in putrid meat 

4 (or 5)'/^*Aminoethylglyoxaline, also known as j8-iminazolylethylamine,is also 
contained in ergot (Barger and Dale, Trans ^ 1910, 97, 2592 , Ewins and Pyman, 
Trans.y 1911, 99, 339, Ackermann, Zettsch Physiol Chem ^ 65, 1910, 504) It 

CH—NH 

has the constitution CH, and is prepared synthetically 

NH2 CH2 CH2 C N 

(Windaus and Vogt, Ber ^ 40, 1907, 3691 , Pyman, Trans , 1911, 99, 668) It is 
now placed on the market by Burroughs Welcome & Co under the name 
“Ergamine” It decreases the blood pressure and powerfully contracts the 
isolated uterus even in a non-pregnant condition 

Hordenine, HO C0H4 CHg CH2.N(CH3)2, was isolated by Leger^ from 
barley-malt germs, in which it is present to o 2-0 5 per cent , by extracting with 
alcohol m the presence of tartaric acid, filtering, neutralising, extracting with ether, 
and crystallising the product from alcohol It is a strong base, sparingly soluble 
in water, soluble in alcohol, ether, CHCI3, etc , and forms crystalline salts with acids 
Hordenine retards coagulation of the blood and when injected raises the blood 
pressure, although not to the same extent as adrenaline or the ergot bases Not 
very toxic Used in dysentery and as a heart tonic Preparations are placed on the 
market by Merck and by Burroughs Wellcome & Co It has been synthesised by 
Barger {Trans Chem Soc.y 1909, 95, 2193) 

SYNTHETIC DRUGS USED IN PARASITIC DISEASES, 
SUCH AS SLEEPING SICKNESS, SYPHILIS, Etc. 

Atoxyl, Arsamin, or Soamin, the mono-sodium salt of /-ammophenyl- 
O 

arsonic acid, NHg CgH^ As^OH, is prepared by heating arsenic acid with aniline at 

^ONa 

190**200* C., converting into the sodium salt by agitating with Na2C03, and 
recrystallising from water 

A white powder, tasteless and odourless, easily soluble in H2O Decomposes 
in stomach and so is given subcutaneously Used in the treatment of sleeping 
sickness and syphilis. Dose, about 0.5 g Incautious treatment may lead to 
blindness and symptoms of poisoning, (headache, colic). Also used in tuberculosis. 

Acetylatoxyl or Arsacetin, CHgCO NH C3H4 As^OH, is soluble m 

^ONa 

water ( I part in lo) More chemically stable and less toxic than atoxyl It has 
been successfully employed in sleeping sickness, skin diseases, and syphilis Dose, 
0.6 g. injected m 10-15 per cent solution 


rend,, 19OD, Z42, 108, Z43, 234, ^l 6 seq. 
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Salvarsan, ** 606,” is dihydroxydiaminoarsenobenzene dihydrochloride, and is 
believed to have the constitution . — 


HO ^As=Ai 
NH2.HCI 



Ii IS prepared, according to the English Patent 13,485, 1910, by nitrating the Na- 

salt of /-hydroxyphenylarsomc acid, N.As^OH, whereby the nitro-body 

^ ^ ^OH 


.0 


As^OH IS produced; this on reducing with Na-amalgam or Na^S, 


NO. 


condenses, with the ultimate production of the dihydroxydiamino-compound, 
whose hydrochlonde is known as Salvarsan. Salvarsan is a bright yellow 
powder supplied in glass tubes filled with an inert gas to prevent oxidation. 


The introduction of Salvarsan by Ehrlich and Hata in 1910- 1911 caused a sensation m the 
medical world It is stated to be a specific cure for syphilis, a single iniection into the buttocks 
having effected a complete cure in many cases It is placed on the market by Meister, Lucius, & 
Bnining See “ Salvarsan,” by Martendale and Westcott (London, 1911) , also Ehrlich and Hata’s 
treatise, “Die Expcrimentelle Chemotherapie,” Berlin, 1911. 


Arsenophenylglycine (**418”), a predecessor of salvarsan, has the formula 
COOH CHg ^ As= As< ^^ H CHg COOH. Also a powerful curative 

agent for syphilis, but not so popular as salvarsan. 

Icbthyol IS a volatile oil containing sulphur obtained by heating “stink-stone” 
or “ oil-stone ” — a bituminous schist found m the Tyrol (Seefeld) The salts of 
iclithyol sulphonic acid (obtained by treating ichthyol with concentrated H2SO4) are 
used therapeutically, the ammonium salt, ammonium “ sulphoichthyolicum,’ 
being obtained by neutralising the sulphonic acid with ammonia and evaporating to 
a syrup It is sometimes called “ichthyol” It forms a reddish brown syrup, 
soluble in water, with a smoky taste and smell. Much used externally in cases of 
skin diseases and internally in cases of tuberculosis, catarrh of the lungs, chronic 
diseases of the stomach and intestines. The Na-, Li-, and Zn salts are also used. 


Ichthyol-Albumen ( « Ichthalbine) is obtained by precipitatmg albumen 
solution with a solution of ichthyol sulphonic acid Grey-brown powder, soluble in 
water, insoluble in the stomach It decomposes in the intestine into ichthyol and 
albumen, and is used for intestinal catarrh. 

Ichthoform is a compound of ichthyol sulphonic acid and formaldehyde. 
Dark powder, insoluble, almost odourless and tasteless. Used externally as an 
iodoform substitute for wounds, and internally as an intestinal antiseptic. 


Santonine, Qs^isOs* 

CH, C CHa 

I ^0 

OC 'v ^ C CH/ 

CII,C CHa 
chloroform Turns yellow 


the lactone of santomnic acid, C15H20O4, is separated 
from the blossoms of wormsced and used for 
destroying intestinal worms. Dose, 0.025-0.05 g. 
twice daily for childrexi. Maximum dose, o. 1-0.3 
g per diem. Colourless, odourless crystals, M.P« 
170®. Sparingly soluble in cold water, more 
scluble in hot, readily soluble in alcohol, ether, 
in light. 
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VEGETABLE ALKALOIDS 

Alkaloids of Opium — Opium is a very complex mixture contaming along 
with protein matter and various acids, carbohydrates, gums, waxes, etc , numerous 
alkaloids of which the most important are Morphme, about 9 per cent , Narcotine 
S per cent., Papaverme, o 8 per cent , Thebaine, o 4 per cent , Codeme, o 3 per 
cent, Narceine, 0.2 per cent. 

Morphine, Ci7HjgN08, the most important, is extracted os follows ; The 
aqueous extract of opium is concentrated, and alkaloids precipitated with sodium 
carbonate. The precipitate is extracted first with water, and then with cold alcohol 
when most of the morphine remams behind This is dried, dissolved m dilute 
acetic acid (any narcotme is insoluble), filtered through animal charcoal and precipi- 
tated with ammonia Purified through its salts or by crystallising from boilmg 
alcohol Dose of morphine hydrochlonde, grain 

Atropine, CjyHgsNOj, occurs in the deadly nightshade {Atropa belladonna) and 
m Datura siramontum. It forms heavy needles of M.P 115“, and is mtensely 
poisonous, and strongly dilates the pupil of the eye, for which purpose a o 5 
per cent solution is used in ophthalmology Maximum dose ■= .001 g , 
maximum per day, o 003 g 

It is also used as a narcotic, and in the night sweats of phthisis Its constitution 
is given under Cocaine (section on Local Anaesthetics) 

Strychnine, CgjHggNgOg, occurs along with brucine, C2sH2<jN204, in the seeds 
of Strychnos nux vomtea 

Extraction — The crushed, ivater-sodden nuts are ground to a pulp, and 
extracted with hot alcohol, the latter evaporated, the extract treated with lead 
acetate, and excess of lead removed by HgS or H2SO4 The strychnine is then 
precipitated with caustic soda, the more soluble brucine remaining almost completely 
behind 

Colourless crystals, intensely poisonous, a typical spinal poison Dose, 
a grain It is a valuable tonic, and is employed in paralysis, and m cases of lead 
poisonmg. 

Quinine) C20H24N2O2) is obtamed from various kmds of cinchona bark, in 
which It occurs along with other alkaloids such as quimdme, cinchonine 
cinchonidine, etc 

Extraction — The powdered bark is mixed with lime and extracted with high 
boiling petroleum, the solution being then shaken with dilute sulphuric acid and 
neutralised while hot with NagCOg Ihe most of the quinine then separates as 
sulphate, which is further purified by precipitating as insoluble tartrate with Rochelle 
salt solution. 

A white crystalline powder almost msoluble in water, sparingly soluble in cold 
alcohol, the aqueous solution of its sulphate fluoresces blue Perhaps the most 
important drug known, its annual production amounting to 485,900 kg 

Pilocarpine, CuHieNjOa, occurring in Jaborandi leaves, is the physiologica 
antithesis of atropine. It is a thick liquid and is used as a sudonfic and to check 
salivation. 

For the chemistry of pilocarpine see papers by Jowett, Trans.^ 1901-1905 

Hydrastine, Cai^HjiNOg, found m the root of a North American plant 
Hydrastis canadensis^ is employed similarly to ergot 

Veratrine. — The commercial product, obtained from the seeds of Veratrum 
sabadilhy is a mixture of various alkaloids. It is a white powder causing violent 
sne^»ang and general irritation of the mucous membrane when inhaled 
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Yohimbine is an alkaloid obtained from the Yumbehoa tree (Africa). It is 
employed internally in cases of impotence. 


Purine Alkaloids — Three important drugs belonging to the purine compounds 
are Caffeme, CgH JQO2N4 + H^O, Theobiomine, C7H3O2N4, and Theophylline or 
Theocine, C7H8O2N4 


CH3 N CO 


CO 


— N CH, 

\ 

CH 

CHg N C N 

Caflfeine 

t 3 7>Trimethylxanthine 


HN CO 


CO C- 


CH,N- 


-N CH, 

-N 


Theobromine 
3 7 Dimethylxanthine 


CH3N CO 


CO 


NH 

\ 

CH 

■N 


CHsN C 

Theophylline 
I 3'Dimethylxanthine 


Caffeine occurs m tea and coffee, about i 4 per cent in tea From the waste 
dust of tea it is extracted by boiling with water, precipitating tannin with lead 
acetate, removing excess of the latter with HgS, filtering, and concentrating, when 
caffeine crystallises out It is also obtained as a bye-product in the manufacture 
of caffein-free coffee. Unroasted coffee beans are treated with superheated steam 
and extracted with benzene, whereby much of their caffein is removed It is now 
prepared on the large scale from guano by Bohringen & Sons, of Mannheim 

Caffeine forms white silky needles which lose water at 100“, sublime at 180*, and 
melt at 230 5* It is soluble in 80 parts of water at 15“ and in 2 parts of boiling 
water, but is sparingly soluble in many organic solvents such as cold alcohol 
Chloroform readily dissolves it 

Used in headache and neuralgia alone or combined with phenacetin, and as 
a heart tonic Dose, o 5 g , maximum daily dose, i 5 g It is employed internally 
and subcutaneously 


Theobromine, a colourless, odourless, crystalline powder, sublimes at 290'’, 
neither melting nor decomposing It occurs in cocoa Combined with a molecular 
proportion of sodium salicylate, its sodium salt is employed under the name of 
Diuretin This is a white powder, soluble in water, and employed in dropsy and 
in diseases of the kidneys and heart Theobromine has been synthesised by Traube 
{Bertchie d, deutschen Chemischen Gesellschaft^ 33, 1371 and 3035) starting from 
cyanoacetic acid and methylurea 

Theophylline or Theocine is a stronger diuretic than theobromine It occurs 
to a small extent m tea leaves Sodium theophylline acetate is a valuable diuretic. 

Synthetic Preparation — See DR Pat, 151,133, 144,761, 148,208, 138,444 
Theophylline itself forms colourless crystals, M P 208*. It is difficultly soluble in 
water, hence the use of soluble double compounds 


The writer desires to thank the following firms for much information regarding 
the newer s)mthetic drugs — Messrs Burroughs Wellcome & Co , London , Messrs 
Meister, Lucius, & Bruning, Hochst; Messrs Merck, Darmstadt, Messrs Evans, 
Sons, Lescher, & Webb, Liverpool 
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Special points may be found dealt with in the Journals as indicated in the Article. 

MODERN EXPLOSIVES 

Gunpowders 

The term “modern,” as applied to explosives, is generally understood to connote 
an explosive other than black gunpowder or the later brown powder Gunpowder, 
already known in the middle of the thirteenth century, is still used, however, for 
sporting purposes and for mining, though it has been discarded by military 
authorities in favour of the more powerful agents now at our disposal. Its 
constituents, saltpetre, sulphur, and charcoal, are still mixed in the same way and 
in the same proportions as formerly (75 percent KNOg, 10 per cent. S, 15 percent C). 

In this country, Bobbinite, essentially a black powder with diminished sulphur 
content, headed the list of “ permitted ” explosives arranged m order of quantities 
used during 1909. Although a Departmental Committee, appointed m 1906 by the 
Home Office to investigate allegations as to danger arising from the use of Bobbinite 
in fiery mines, reported that its use should not for the present be restricted, recent 
Explosives in Coal Mines’ Orders state that it is permitted only for the purpose of 
bringing down coal in certain mines for a penod of five years from ist January 1914. 
It is made in two varieties: (a) KNOg, 62-65 parts; wood charcoal, 1 7-19.5 parts; 
sulphur, 1.5-2. 5 parts ; together with 13 to 1 7 parts of a mixture of ammonium sulphate 
and copper sulphate; or {b) KNOg, 63-65 parts; wood charcoal, 18 5-20.5 parts; sul- 
phur, 1. 5-2. 5 parts; rice or maize starch, 7-9 parts, and 2. 5-3.5 parts of paraffin wax. 
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H.M. Inspector’s report shows that during ipOQ) out of 30,091,887 lbs of explosives ttsed in 
mines and quarries, i 7 > 595»475 lbs. were gunpowder. This constituted 58 5 per cent, of the whole. 
Gunpowder is not a “permitt^” explosive, and in Germany, also, its use in coal mines is forbidden, 
the^ohibition being extended to all powders of the same type 

The great developments of the potash industry m Germany have mvolved a revival of mixtures 
resemblmg black powder, and these have a large sale. Both m that country and in America nitrate 
of soda, on account of its cheapness, is substituted for potassium nitrate, and charcoal is frequently 
replaced by brown coal or pitch. Sprengsalpeter, tor instance, consists of 75 per cent NaNOs, 
1$ per cent brown coal, and 10 per cent sulphur Owing to the hygroscopic nature of the sodium 
nitrate, the mixture of this substance with the carbonaceous material and sulphur is heated to the 
melting point of sulphur and then pressed, the resulting product being only slightly affected by 
moisture. Explosives of this type come into commerce either in the form of grains packed in 
cartridges or as compressed cylinders with an axial canal, and are fired in the same way as black 
powder They burn slowly when ignited and fissure the rock rather than shatter it Petroldastite 
IS an explosive of this class and contains . NaNOs, 69 per cent , KNO3, 5 per cent ; S, 10 per 
cent , pitch, 15 per cent ; K2Cr207, i per cent The introduction of ammonium nitrate secures 
a lower temperature during explosion wetter- Dynammon, made by the Austrian Government fot 
use in fiery mines, contains. NH4NO8, 93 83 per cent ; KNOs, 1.98 per cent , charcoal, 3.77 per 
cent ; moisture, o 42 per cent ; and Anuae powder has the composition : KNOj, 40 parts ; 
NH^NOs, 38 parts, charcoal, 22 parts 

Gunpowder, again, is still used in priming compositions m order to initiate the decomposition of 
high explosives, and in certain types of safety fuse it continues to hold its own. The latter may be 
compared to a piece of cord having a fine tram of gunpowder down the centre Stress of commercial 
competition has resulted in the production of a greatly improved fuze which burns uniformly through 
a definite length in a given time Attempts to substitute a core of smokeless powder for gimpowoer 
have not as yet yielded a satisfactory result 

Chill saltpetre (sodium nitrate) contains perchlorates, as also does ** conversion” saltpetre or 
potassium nitrate prepared from it To this circumstance, when discovered, was attnbuted the 
origin of various disastrous explosions which had previously occurred, but later work has shown that, 
in ordinary cases, the danger arising from the presence of a small percentage of the more sensitive 
Mrchlorate has been over-estimated (Dupr^, Joum Soc Chem Ind , 1902, 825 , Lunge and 
Bergmann’s paper read at Fifth International Congress of Applied Chemistry, Berlin, 1903) 
Bergmann recommends a maximum of o 4 per cent of perchlorate for blasting powders and a 2 
per cent for gunpowders 

Nitro-g^lycerine, the tnnitnc ester of glycerol, C3H5(0N02)3, is an important 
constituent of a great many explosives used as propellants or for blasting. Should 
the price of glycerol continue at its present high figure, it is not improbable that 
explosives made from cheaper raw materials will displace it to some extent 

The process of manufacture now about to be described is the outcome of a long 
series of improvements which have been made at intervals upon the methods 
originally adopted by Alfred Nobel, the pioneer in the commercial production of 
this substance The nitrator-separator in its present form was first used at Waltham 
Abbey m the Royal Gunpowder Factory, and is the subject of the British Patent 
t5»9S3 of 1901, taken out by Colonel Sir Frederic L Nathan, R.A., Mr J M 
Thomson F.I C., and Mr Wm Rintoul, F I C 

The apparatus is shown diagrammatically m the accompanying figure in both plam^ind elevation 
The nitrating vessel a has the form, generally used, of a lead cylinder with sloping bottom and conical 
lead roof The mixed acids are not introduced from above, as has been customary, but throuirb a 
pipe connected with the lowest part of the bottom. This pipe has three branches, ^ r, and di 
b leads to the denitrating plant, c to the drowning tank, while d ascends and divides into two 
branches of which one is connected with the storage tank for mixed acid and the other to the waste 
acid tank. The acid pipe bend is one foot lower than the lowest part of the bottom so that, dunng 
stirring, no nitro-glyccnne may enter the ascending pipe On the sloping bottom of the vessel lies 
a coil g provided with several holes for the mtroduction of compressed air for stirring, and in the 
cylmdncal portion of the vessel are cooling coils A A of lead pipe through which water, refrigerated 
lir necessary till its temperature is below lo* C , flows The conical roof is surmounted by a lead 
cylinder e with two windows/and side outlet, which is connected with the lead pipe A down which 
the nitro-glycerine flows to the pre-wash tank. From the pipe k ascends another pipe »*, through 
which fumes are aspirated, r is a thermometer, the bulb of which dips into the mixture mside a. 

To carry out a nitration, the mixed acids, consisting of 41 per cent. HNOg, 
57.5 per cent H2SO4, and x-S per cent. H^O m the ratio of 6.09 of mixed acid to 
I of glycenne, are allowed to enter through air-stirrmg is begun, and the gl3rcerine 
IS introduced by means of an injector, the mixture being cooled by the coils A A 
The glycerine, owing to its viscosity at ordinary temperatures, must have been 
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previously warmed to 30^-35“ C, and its rate of admission is regulated so as to 
prevent the temperature from rising above 22° C. When nitration is finished, and 
the temperature has fallen a little, the air in g and the water in h are shut off, and 
the mixture then begins to separate. 

The temperature should not have been allowed to fall below 15® C. Waste acid 
from a previous operation is now allowed to enter the apparatus slowly from beneath, 
through d, and forms a layer of gradually increasing depth below the reaction 
mixture which thus rises slowly in the vessel. The nitro-glycerine reaches the 
cylinder and runs off through 


k to the pre-wash tank, contain- 
ing water, and is subjected to an 
alkaline washing. The displacing 
acid enters at such a rate as to 
cause clear nitro-glycerine, free 
from suspended acid, to flow 
through the outlet as separation 
proceeds. Finally a sharp line 
of demarcation between acid 
and nitro-glycerine is observed 
through and the inflow of acid 
through d is stopped. The con- 
tents are allowed to stand for a 
time in order to obtain the best 
possible yield of nitro-glycerine. 

Under the old regime tlie waste 
acid was run off to a special building, 
the .after-separating house, in whi^ 
nitro-gl}’cerine still remaining in the 
acid separated out slowly during the 
course of several days. This was 
skimmed off from time to time, and 
put into a vessel filled with water in 
which it was washed. A workman was 
rerjuired to be in attendance day and 
night. The modern practice is to 
destroy the nitro-glycerine in the waste 
acids immediately after nitration by the 
following method, due to Sir F. L. 
Nathan and Messrs Thomson and 
Rintoul : — 

Sufficient waste acid is run off from 
the nitrator-separator to avoid splashing 
over during stirring, which js again 
started by turning on the compressed 
air. Water amounting to 2 per cent, 
of the waste acid is slowly added, and 
mixes immediately with the acid 



through the stirring. The temperature 
rises slowly during the addition of the 
water, about 3® C. for each per cent, of 
water added, and air stirring is con- 
tinued after the addition of water till 


Fig, 238. — Nathan, Thomson, and Rintoul’s 
N itrator-Separator. 


the temperature begins to sink. The air is then shut off, and waste acid again run in from beneath 
till the surface reaches the upper outlet. On standing for a time nitro-glycerine adhering to the 
sides of the vessel and the cooling coils may ascend, and can be run off through k. The waste acid, 
now completely free from nitro-glycerine, is allowed to run off through as much as will he necessary 
for displacement of nitro-glycerine in a later operation Ixjing elevated to the storage tank communi- 
cating with d, while the remainder is run into a tank where it stays without further supervision until 
it is denitrated. 


Owing to the introduction of this process the nitro-glycerine never passes through an earthenware 
cock at any stage of its manufacture and a source of danger is thereby removed. A further lessening 
of risk is achieved by the removal of the nitro-glycerine immediately after its separation from the acid, 
by the cooling during separation and after separation, by decrease in amount of manipulation of 
nitro-glycerine and waste acid, and by the disappearance of the necessity for an after-separation 
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building. The saving in differences of level necessary to transport the nitro-glycerme from building 
to building IS very considerable, and the area necessary for the factory is now less than formerly 
A plant consisting of two nitrating vessels and one pre wash tank nitrates five charges each of 
1,450 lbs of glycerine daily. 

After removal of acid from the mtro-glycerine in the pre-wash tank, accomplished 
by air-stirnng with water and finally with an alkaline solution, the mtro-glycenne 
IS allowed to run through a rubber pipe attached to the lowest point of the sloping 
bottom of the pre-wash tank into the gutter, which has a fall of i in 60 and leads 
to the final washing house During the preliminary washing the rubber pipe is 
secured to a nozzle fixed to the outside of the tank at a point above the level 
of the liquid. 

In the final washing house the mtro-glycenne is subjected to prolonged treatment 
with alkaline solution, using air-stirring as before. The alkali remaining after this 
treatment is removed by washing with pure warm water, and the nitro-glycerme is 
afterwards filtered by passing it through a mat of sponges in order to free it from 
small quantities of flocculent impurities and suspended mineral matter A diagram 
of the plant is sho^sn in the figure (Fig 239 ) 

By the use of the acid mixture abo\e mentioned, obtained from 2 8 parts of nitric acid and 
3.4 parts of fuming sulphuric acid (20 per cent SO3), Sir h L Nathan and Mr Wm Rmtoul have, 



A The Nitrator-Separator o hinal Washing Tank 

B The Mixed Acid Tank ir h liter 

c Waste Acid, for Displace- i Pipe for running oft waste 

ment Tank Acid 

D Glycerine Tank K, K Ground Level 

B. Pre-wash Tank L, L. Gutter, with fall of i m 

F Drowning Tank 120 

using the above process, increased the yield of nitro-glycerme to 230 parts per 100 parts of glycerine 
(British Patent, 6,581, 1906) By former processes m which 100 parts of glycerine were added to 
a mixture of 300 parts of 94 per cent HNOs and 500 parts of 96 per cent H.JSO4, ll^^ yields varied 
from 210-215 per cent Using this acid mixture m the Nathan, Thomson, and Rmtoul process the 
yield was increased to 220 per cent , the theoretical yield being 246 7 per cent 

The use of waste acid from a previous nitration which is brought to its original composition by 
the addition of fresh acid gives, according to data from the Zentral-stelle, Neu Babelsoerg. yields 
of 228 per cent (British Patent, 2,776, 1905) Details regarding the influence of mixed acids which 
have been thus revivified upon the time necessary for complete purification of the mtro-glycenne are 
not available. 

The process of separation, after nitration, is frequently protracted owing to the 
action of gelatinous silicic acid in preventing the mtro-glycenne from passing from 
the emulsified form to that of a separate layer of pure liquid In order to obtain 
a quick and well-defined separation the Dynamit A G (DR. Patent, 171,106, 
1904) at Hamburg, add, during nitration, paraffin or fatty acids of high molecular 
weight in proportions of 0.5-2 per cent, by weight of the glycerine, while Reese 
(USA Patent, 804,817, 1905) uses 002 percent of sodium fluoride, whereby 
the silicic acid is converted into silicon tetrafluonde 

After-separation has been shortened, on the Iaix)ratory scale, by Escales and Novak (British 
Patent, 18,597, 1907) by the use of the electric current, but is entirely obviated m the Nathap, 
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Thomson, and Rintoul process. Evers (D R. Patent, 182,216) has described a new process for 
denitrating waste acid, in which a mixture of air and steam at a high temperature enters the 
denitrating tower at one or more points 

Properties of Nitro-glycenne — Kast has found that nitro-glycerme has two solidification 
or melting points (Zettschr Schuss-Sprengstoffwesen^ 1 225). The lower melting phase is a labile 
product and changes completely into the stable higher melting modification on stirnng with a crystal of 
the latter, which melts at about 13* C The thawing of frozen nitro-glycerine has been a fruitful source 
of accident, and attention has Men directed towards obtaining a product which will remain liquid 
under the conditions to which it is subjected during cold weather The welhknown effect of adaing 
soluble ingredients is to produce a depression of freezing point proportional to the amount dissolved, 
and nitrO'benzene and ortho-mtrotoluene were used for this purpose. Other nitric esters of glycerine, 
however, which do not appreaably dimmish the explosive power of the product to which they are 
added, have recently found extended use for this purpose 

Dinitro-glycerine (glycerine dmitrate), first prepared by Mikolajzak in 1903 
for use in depressing the freezing point of trinitro-glycenne (British Patent, 27,706, 
1904), may be prepared alone, and then added to the latter, or, more conveniently, 
the two esters may be generated simultaneously under suitable conditions in the 
proportions required. 

One method of working (Heise, “ Der Bergbau,” 1907, Heft 35) is to nitrate the glycerine in 
nitric acid, allowing the temperature to rise to a certain extent , the solution of the ester in nitric 
acid IS then allowed to stand for about two hours, and separation of the ester is then effected by 
diluting with water and neutralising with carbonate of lime After separation, the dmitro-glycerme 
still contains water and acid, the Utter being removed by adding soda and the water by a special 
process A reddish yellow oil of sp gr i S is thus obtained The calcium nitrate solution obtained 
as a bye-product is treated with ammonium sulphate , the ammonium nitrate formed is used in 
explosives manufacture, and the sulphate of time as a manure Extraction of the diluted acid 
mixture, both before and after neutralisation, by means of ether, has been tried on the small scale, 
and Escales and Novak have proposed glycerine disulphuric ester as the starting point for the 
preparation The method of preparing a mixture of di and trinitro-glycerine is described by 
Mikolajzak (loc at ) 

The technical product is a mixture of two isomeric modifications Its punfication 
is difficult 


According to Will {Bertchtty 1908, 1 107 , Zeitschr Schtess-Sprengstoffufesctty 1908, 324) the 
dmitrate, in the water-free condition, is not solid at ordinary winter temperatures, but offers little 
advantage over nitro-glycerine from the point of view of sensitiveness to shock It is hygroscopic, 
and when moist is less sensitive, but at the same time loses its faculty for forming no solid on 
subjection to winter temperatures 


Nitrate of Polymerised Glycerine. — By appropriate heat treatment 2 
molecules of glycerine condense to form i molecule of diglycerine with splitting 
off of water By treating the diglycerine so formed with mixed nitrating acids. 


C8H5(0N02)2\ 

tetra-nitro-diglycenne, yO, is obtained, which behaves like trimtro- 

glycerine as regards solubility in organic solvents, insolubility in water, and ease 

of detonation with fulminate of mercury The addition of 20-25 

product to trinitro-glycerine will prevent it from freezing at ordinary winter 

temperatures. 


Will and Stohrer {Zettschr Schtess-Sprengstoffwesen^ i 231) polymerised glycerine by heating it 
for seven or eight hours to 290*-295* C., and obtained a product containing per cent diglycerine 
and 4-6 per cent, of tn- or polyglycerines These were separated by fractional distillation under 
reduced pressure By repeated treatment pure diglycerine can be obtained as a clear, viscous, sweet 
liquid, soluble in water, having a sp gr ot 1.33, and distilling undecomposed at 240‘'-250** C under 
8 mm. pressure. 

Escales and Novak treat glycerine with hydrochloric acid and nitrate the resulting mixture of 
monochlorhydnn, dichlorhydnn, diglycenne, chlorhydnn of diglycerine, tnglyccrine and chlorhydrm 
of triglyctfrme (Deutsche patentanmeldung^ 12th May 1906) 

Claessen (British Patent, 9,572, 1908) produces diglycenne and polyglycerines in a much shorter 
time than usual by heatmg the glycerine with a small quantity of alkali (o 5 per cent ) to 275*-28o* C. 
The glycenne, diglycerine, and polyglycerinc can be separated by fractional distillation 


Dinitromonochlorhydrin — By passing hydrochloric acid gas into glycerine 
heated to C., a mixture of a- and j8-monochlorhydrins is obtained 
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[CH2C1.CH(0H) CHaCOH)] and [CH,(OH) CHCLCH2(0H)] These are separated 
from the reaction mixture by fractional distillation under reduced pressure, and are 
afterwards nitrated alone or in admixture with glycerine. In the latter case the 
reaction is claimed to be less dangerous, and the separation quicker (Welter, British 
Patent, 6,361, 1905). Dinitromonochlorhydrin is easily stabilised in the usual way, 
and stands the Abel heat test for a much longer lime than ordinary nitro-glycerine. 
It is a pale yellow liquid with a faint aromatic smell, soluble in ether, alcohol, 
acetone, chloroform, etc , and insoluble m water and acids. Its sp gr. is i 5408 
at 15* C, and it boils at atmospheric pressure at 190*’-! 93’ C. If boiled under 
a pressure of 15 mm., no partial decomposition takes place, and it distils over 
at 1 20®-! 2 3* C. as a colourless oil 

It IS surprisingly insensitive to shock and friction, is not hygroscopic, does not freeze at - 25® to 
- 30® C , and di«-9olves easily in nitro-glycerine The addition of 20 per cent to nitro-glycerine renders 
It practically unfreezable. It is said to be an excellent gelatinising medium for nitro-cellulose. One 
disadvantage it possesses, viz , the formation of HCl on explosion, but this can be rectified in large 
measure by adding an alkali nitrate to the explosive 

Di nitro-acetin and Di-nitro-formm are produced by the nitration of mono-acetin, 
CsH 5(0H)2.0 CO CHs, and monoformin, €3115(011)2 O CO H Their properties resemble those 
of dinitromonochlorhydrin, and they have been used for making unfreezable nitro-glycerine 
explosives (see Zeitschr Sch -Spt engsioffivesen, 21, 1907) (See p 383,) 


Gun-cotton 

The process now coming into general use for gun-cotton manufacture is the 
result of important improvements devised by Messrs J. M and W T Thomson 
of the Royal Gunpowder Factory, Waltham Abbey (British Patent, 8,278, 1903, 
DR Patent, 172,499, 1904) The following descnption is taken largely from the 
paper by Colonel Sir F L Nathan in the Journal of the Society of Chemical Industry^ 
27th February 1909 To the Council of the Society and to Sir Frederic Nathan 
my best thanks are due for their kind permission to use the accompanying 
illustrations 

The raw materials are cotton waste and sulphuric and nitric acids Ordinary cotton waste vanes 
considerably m character, and this is not without effect on the character of the resulting gun-cotton 
Before it is received at the works it has been subjected to treatment with alkaline, bleaching and 
acid liquors in succession, after which it has been washed and dried , or the oil, etc , has been 
extracted with benzol The physical condition of the cotton, and, to some extent, its chemical 
properties, are affected by this process, and an undue proportion of “ fly ” or finely divided and felted 
material will hinder the penetration of mixed acids during nitration and diffusion of waste acid from 
the sphere of reaction, and may indicate the presence of products of Iwdrolysis or of oxidation of 
cellulose Oxy-cellulose exerts an influence on the nitrogen content of the gun cotton and on its 
solubility in ether alcohol if it be present in appreciable quantity Hydrocellulose, produced by 
hydrolytic action, yields a nitro-cellulose agreeing in properties with that obtained from untreated 
cellulose so far as nitrogen content and solubili^ in ether alcohol are concerned The viscosities 
of nitro-hydrocellulose solutions in acetone are less than those of similar nitro-cellulose solutions, 
however, and this fact taken in conjunction with the power of reducing Fchling^s solution and of 
fixing methylene blue, possessed by hydrocellulose, indicates a structural change which may possibly 
affect adversely the stability of gun-cotton containing its esters 

Blotting paper made from cotton, paper shreds, tissue paper, cellulose as used for paper making, 
and other raw matenals have been suggested for the manufacture, but all have been discarded, and 
even celluloid and artificial silk makers use cotton, though paper is still largely used m the manufacture 
of celluloid. 

The prepared cotton waste on arrival at the factory contains a notable percentage 
of hygroscopic moisture, also wood, pieces of iron, metal, string, rubber, etc. The 
mechanical impurities are removed as far as possible by hand-picking, and the 
cotton is then passed through a teasing machine (Fig 240), which separates the cotton 
fibres and opens out knots and lumps It is then again picked over as it leaves 
the machine. 

At Waltham Abbey the cotton, as it leaves the teasing machine, is delivered on to an endless 
band which carries it to the drying machine The moisture is expelled from the cotton by a blast 
of hot air supplied by a fiui throi^ a steam heater. The cotton waste passes very slowly through 
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the machincy the operation lasting sih'iut three-quarters of an hour, and issues from it containing 
alKiut ^ per cent, of inuistnre. It is iminediAlely wtighed r»ut into charges and placed in sheet-iron 
ls)\es or otlier suitahle rerepiaclc', willi lnls, to c'tml, fur which a fieriod of aliout eight «ir niiv Imurs 
is sutUcient. During the cooling ihe ciU'in w.isic rcabsurlis about half a per cent, of mnistuic. 

'I'ho nitric and sulphuric acids I'mploycd arc commen'ial proiliicts (if a fairly 
high standard of purity. 'Die waste acids are revivified to a larger extent than 
formerly, by the use of Nordhausen sulphuric acid and (‘oncentrated nitric acidt 
and are used again for nitration. 

The nitrating apparatus consists of a number of units of four pans worked together! 
Figs. 241 and 242. The pans are of earthenware and circular, 3 ft. 6 in. in diameter 
and 10 in. deep at the side of the pan; the pan has a fall of 2 in. to the outlet, which 
is J in. in diameter, and is support(*d on c‘arthcnwarc pedestals about i ft. 10 ia 
above the lloor level. 'I’he four menilKrs of ea« li unit an; ('oniiccled together by 
lead pipes, and these again arc conneeti*d to the nitrating acid supply piii.-. to the 
strong and weak waste aiid pipes, and t ) a wMste water jiipc, through a gauge-bo.\ 
where the rate of flow is determined whilst the waste acids are being run (itf. 

'Flu* pmct^N proceeds as follows : A small {K'rfiirated plate is placed c»\er the oulUl uf i- 1. h pan, 
and fiiui pLifiiraU'il bcginenl plates making a complete disc of diameter aliuiiL I ri. - tl an tliat 



Fin. 24a —The Teasing Machine. 

nf the pan aie placed on the iMntom. Aluminium fume hiMids, which are connected to an exhaust 
fan, having been pl.iced on the four pan*«, nitiating acid, which is cooled in summer and warmed 
in winter, IS allowed to ii&ic to the pro^x'r level in the (niiis. There are then 600 lbs. of mixed acids 
alxjve the Ixittoin plates and 50 lbs. lielow. A charge of 20 lbs. of cotton waste is then immersed 
111 the acid, handful by handful, aluminium dipping forks lieing used for the pur]»se. When all 
till ciittdii w.iHte has been ]iiished under the surface of the acid, perforated plates, in segments, are 
pl.iced on the top of it, caie being l.iken th.it all cotton waste is Tielow the surfiu:e of the acid, and 
a film of water, at a teniperaiiiie uf 5* -S’ is run \ery gradually on to the surface of llie plates 
thruiigh a distributor. 'I'lie film ul w.iu i piexents the isi'.qx* of acid fumes and the fume liuudM are 
then renio\ed. The time letjuired fur dipping a charge is a quarter of an hour. Nitration is allowed 
to proceed for two .ind a hall hours. 'I'hc cock leading to the gauge-box is then o^iened and waste 
acid is run off at the late of ubuut 17 lbs. a minute. Water, coiiled if necessan’, is run on to the 
top of the perforated plates, tlirui.gli the distributor, at an equivalent rate. The major portion, 
amounting to about 80 per cent, of the total waste acid, is returned to the acid store tanks to lie 
n \ ivified with Nordhausen sulphuric and new nitric acids. The remaining 20 per cent, of tlie waste 
.11 id is sent to the acid concentration j.ictui} fm denitration and concentration. The quantity of acid 
thus fie lit with iimuunts to about 4 lbs. f«ii e\er\ |M}und of i^un-iotttin. 

rcMiiposiiiun fif w.iste a< id tu Ik? rexiMfied ( = So per n2b04. HNOv HNO|. H, 0 . 

cent, of total w.'i'.le.'u id) - - - - 72.70 17.30 0.65 9.35 

('iimpiisition of waste acid i»» l>e deiiilrated and con- 
centrated (=20 per cent, of total waste acid) - Oi.o 17*35 0*55 21. 10 
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WALTHAM ABBEY GUNCOTTON DISPLACEMENT PLANT 



A small proportion of the water which follows the recoverable waste acid is slightly acid to the 
extent of o.i lb. for every pound of gun-cotton made, and this represents the total loss of acid 
( = 0.4 per cent.). Mr G. W. MacDonald {/ourti. Soc^ Chem, Ina,^ 20th February 1911) Hnds that 
the sulphuric acid is displaced at a relatively more rapid rate than the nitric acid. 

^ Stabilisation or thorough purification of the gun-cotton next follows. Adsorbed 
acids should not be neutralised at an early stage of the purilh'ation process, as their 
hydrolytic action upon various impurities is an important fictor at this juncture. 



Fig. 242. — Gun-cotton Nitrating House, Waltham Abbey. 

Amongst the impurities to be removed are mixed sulphuric and nitric esters, nitrous 
esters, nitric esters of sugars, and substances produced by the action of the mixed 
acids on seed husks and on the dried juices in the tubular cotton fibres. 'Fhese are 
eliminated oi- rendered harmless by prolonged boiling of the gun-cotton in large 
wooden vats (Fig. 243), the water being changed at intervals. 

Dr Robertson {Journ. Sot. Chevi. Ind.y l6th July 1906) has shown the advantage of acidity 
in the earlier boilings for promoting rapid hydrolysis of the inixctl sulphuric and nitric esters. 
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Treatment with alkaline solulions is not so cfiiciLMU and may pioducc h) (linly,>i> of ihc ^un-cot ton 
itself to a considerable extent. The method of boiling in use at Waltham Abbe>' for periods 
of 12+12-1-4 + 4 4- 4 + 44-4 + 2 + 2 + 2 hours, witli a cold water washing between the first and second 
ami second and third boilings, produces a stable gun-cotton. The nature of the water supply affects 
the |)eriod necessary for stabilisation, and a system in which the gun-cotlDn is wrung in centrifugals 
between the boilings, or one in wliich the pulped gun-cotton is subjected to boiling water treatment, 
will shorten the time necessary for complete purification. Boiling in closed vessels under pressure 
has been tried with gnod results. 

The following talile is taken from Sir I'kofleric Natlian’s pa[)er : — 






Acids. 
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24 


2 j 


1 
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Earthenware 

70.50 

21.00 

0.60 

7.90 

650 

20 

32.5 

170 

1,742 

— displacement 

pan 

1 












The gun-cotton is then pulped in a beating engine similar to those used for pulp- 
ing the raw material in paper manufacture (see Figs. 244, 74). The fibres are thus 
materially shortened and crushed, and impurities retained in the fibres are removed 
mechanically or by diffusion. The gun-cotton pulp is then freed from particles of 
metal, grit, and foreign bodies by running it, suspended in a large volume of water, 
along a shallow trough having grit traps placed in it at intervals. These retain the 
heavier gritty particles, and fine sand is retained by a strip of blanket which is laid 
along the bottom of the trough. 

At Waltham Abbey the pulp is next washed in a vessel termed a “ poacher ” (Figs. 244, 74). These 
hold each about 10 cwt. of gun-cotton and 1,100 g.als. of water, .and are fitted with power-driven 
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paddUs f'li' . .;.:n-coU(>n rm ivrs at Ka^l llncc and is allowed lo 

settle d<ivvu i .■ ;;.L water removed l»y a >ldiimiei. .Poa( liinj; serves 

as an ••j^jiortunity fur et1'ectinj:j tlte final slaj^e of a system of MeiidiiiL; wliieli is eairied on tltroughont 
the nianufacture. 


'rhe pulp is then moulded by light hydraulic presses into cylinders 5i in. high 
and 3 in. in diameter, which enables it to be dried on fixed racks in the drying 
house without having recourse to movable drying trays or similar arrangements. 
Less dust is produced than when the gun-cotton is dried in the form of ordinary 

If intended for use in mines, torpedoes, or other demolition work, the gun-cotton 
is moulded into suitable shapes, and the moulds are then subjected to powerful 
hydraulic pressure, amounting lo about 6 tons per square inch, to j)roduce the finished 
slabs or primers. 

Pr<nvn shcAved iliat a quantity of wet gun-cotton can f)f (litnnatcd l>y inlorposing between 
a <lvi«inat<ir and the moist gun-cotton a primer of dry giin-o>tti>n (British iVitcnt, .vit5? ifiOS). 
Kct’vntly a ijrimcr of trinitro-tolucne has been pro]X>sed (D.K. Patent, 200.29J;, 1900). 'Plie pressing 
of large masses <;f gun-cotr«m wliich are then turned in a lathe lo sliajn.-s required li.is l »een Miceessfully 
carried out in recent years (lltdlings, Ihilish Patent, 8,278, 1903). 

Claessen (D.K. Patent, 200,262, 1906) proposes tn displace the nitrating acids retained in nitro- 
cellulose l:)y suljjhuric acid and tl»e latter by water. C'omte de Kriailles (D. R. Patent, 203,377, 
1906) sends an electric current through the acid mixture during nitration in order to keep the 
nitrating acid at suitable concentration and temperature. Sir F. L. Nathan, J. M. Tliomson, and 
W. T. Thtmison (Britisli Patent, 7,269, 1903) remove the water from w'ct nitro-cellulose l>y displace- 
ment with alcohol. The Sal pete rsaurc-Ind.-('»es. (D.K. Patent, 180,587, 19^) revivify the waste 
acifl after nitration by electrolysis, using the waste acid as anode liquid, and dilute nitric acid in t!.e 
kati Kjde compartment. 


Assuming the cellulose unit to be or C.jH uiany nitric esters 

of cellulose arc capable of being synthosised, but thoso mot with in practice are 
(:oin])rised among the following (sec p. 207): — 


1 )odeca nitre >- c e 1 hi 1 f )s c 
Endectini tro-ccll 11 lose 
Decanitro-cellulose 
Enneanitro-cellulose 
Octonitro-cellulose 


("o^H2g0g(N03),2 with 14.14 per cent, nitrogen. 

>» ^ 3*47 » 

C24pHg(30iQ(N03)]() ,, * 2.75 „ 91 

C24®8iOii(N08\ 9, 11.96 „ „ 

C24HooOjo(NOg)g ,, II.TI ,, ,, 


The properties of the nitrated product depend on the quality of the cotton waste, the proportion 
of mixed acid to cotton, the moisture content of the atmosphere, the ratio of II8SO4 to HNOj, the 
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water content of the acid mixture, and on the time, temperature, and method of nitration Many 
years ago (1901) Mr W T. Thomson of Waltham Abbey prepared a specimen of nitro-cellulose having 
a nitrogen content of 13 94 per cent, obtained by drowning the nitrated product in alcohol, but under 
ordinary working conditions the gun-cotton contains 12 8 13 10 per cent of nitrogen The solubility 
of the product in ether alcohol, formerly thought to be simply a function of the nitrogen content, is 
influenced by the method of nitration. Collodion cotton, containing 11-12 per cent nitrogen, is 
soluble in ether alcohol According to Lunge {Zetischr An^ew Chem.^ 2,051, 1906), nitro-cellulosc 
soluble in ether alcohol is obtained by nitrating dry cotton in a mixture of equal parts HNO3 and 
II2SO4 t<^ether with 17-18 per cent of \Vater, / ^ , 41 per cent H2SO4, 41 per cent HNO3, per 
cent HjO Guttmann {Zettschr, Angew Client , 1907, 262) gives an example from practice in 
which equal parts of nitnc acid of 75 per cent, monohydrate and sulphuric acid of 90 per cent 
monohydrate (also a mixed acid with 14 5 per cent water) are used in 25 parts of which i part of 
cotton is nitrated for i-i J hours at 40® C. 

Although by strict adherence to a definite set of conditions during manufacture a product of 
unvarying properties is obtained, this is never an individual cellulose ester but a mixture of esters 
in which one or two predominate Berl (D.R Patent, 199,885, and Zettschr, Sch Sprengstoffuesen^ 
81, 1909) proposes to depolymerise the cellulose molecule by heating the cotton in inert gases 
Nitro-celluloses prepared from depolymerised cellulose are claimed to be better than those made 
from ordinary cotton as regards solubility and capacity for gelatin isation Collodion cotton finds 
extended .use in the manufacture of gelatinised nitro-glycenne explosives It is also used in 
photography and surgery and in large quantities for the manufacture of celluloid and artificial silk 
The total world’s production of artificial silk is estimated at 5 5 million kilos , of which 2 million 
kilos are collodion silk (Massot, Zettschr, Angew Chem , 433,444, 19H), see pp, 207, 208, 212 

Of other nitric esters, those from sugar, mannite, and starch are the most important, but various 
defects have prevented the adoption of the first two to any considerable extent Nitro-starch, on 
the other hand, is now used quite largely in America for blasting explosives, and its cost of production 
IS said to be considerably less than that of nitro-glycerine Hough (British Patent, 12,627, 1904) 
dissolved starch in nitric acid at a temperature of 90® F , and precipitated the nitro-starch by passing 
gaseous sulphuric anhydride into the solution In a later patent he altered his process by nitrating 
the starch with a mixture of 3 parts of nitric acid of 95 per cent monohydrate and 2 parts of 98 per 
cent sulphuric acid, and adding so much sulphuric anhydride to it as to furnish a concentration of 
100 per cent with i to 2 per cent of SO3 in the solution. Further, during nitration he injects 
more sulphunc acid hav ing an excess of about 2 per cent anhydride, and claims to obtain in this 
way an octonitrate having the formula Ci2Hi2(NO2)8Oi0 and a nitrogen content of 16 5 per cent 
The product is said to be quite stable and to be suitable for use as a blasting explosive either alone 
or when it forms 10 per cent of a mixture containing sodium nitrate and carbonaceous material 
It has been utilised in the manufacture of smokeless powder Berl and BUtler {Zettschr Sch 
Spr , 82, 1910) have tested Hough’s data and have found them incorrect The maximum percentage 
of nitrogen in nitrate of starch was found by them to be 13 44 per cent 


Dynamite, Blasting Gelatine, Gelatine Dynamite, and Gelignite 

With the object of rendering nitro-glycerine safe foi transport and use, Alfred 
Nobel devised the mixture with kieselguhr known as dynamite Nobel’s guhf 
dynamite consisted of 75 per cent of mtro-glycerine and 25 per cent of kieselguhr, 
an earth containing tubular siliceous skeletons of diatoms which performed the 
function of a physical container or carrier Various inert substances have been 
used instead of kieselguhr, e magnesia alba, tripoli, and Boghead coal ashes 
Among dynamites with combustible absorbents may be mentioned Reid and 
Borland’s carbo-dynamite in which burnt cork charcoal is used It contains 90 per 
cent of nitro glycerine and is consequently more powerful than dynamite, the more 
so as the absorbent is combustible Another class of dynamite contains absorbents 
which are themselves explosive, and a further subdivision of this class may be made 
into those which contain mtro-cellulose and those which do not 

Kieselguhr dynamite formed only 0.4 per cent of the total amount of explosives 
used in mines and quarries during 1909 (H M I report) 

For Its manufacture the guhr is freed from moisture and organic matter by ignition and is then 
crushed and sifted. A test is made to determine its capacity for absorbing nitro-glycenne, and if it 
should prove to yield a dry crumbling dynamite whicn would give unsatisfactory cartridges it is 
suttakly blended with another batch possessing less absorptive capacity or is mixed with a sraaH 
quantity of barium sulphate (say x per cent ) On the other hand the dynamite should not contain 
excess of nitro-glycenne or the latter will exude 

The guhr, containing less than half a per cent, of moisture, is weighed out in 
equal quantities into a senes of bags or cases which are taken on trucks to the 
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purified nitro-glycenne store-house where the required amount of nitro-glycenne is 
accurately measured and added to each batch of kieselguhr The bags or cases 
are then removed to the mixing house where their contents are first well mixed 
by hand and afterwards passed through a sieve The dynamite is now transferred 
to the cartridge huts in bags or wooden boxes lined with sheet zinc, and there is 
made into cartndges of diameter and length required by a “ continuous type 
cartridge press The cartridges, wrapped in acid free parchmentised or paraffin- 
waxed papers, are collected from the huts at frequent intervals and taken to the 
packing house, whence samples are despatched to the laboratory for subjection to 
the heat test and exudation test 

Kieselguhr dynamite is orange-yellow or reddish brown in colour (sometimes 
ochre is added to the guhr) and is plastic to the same degree as fresh mould Its 
specific gravity is i 5 when it contains 7 5 per cent of nitro glycerine Small quantities 
of It burn quietly when ignited but larger quantities soon explode , when saturated 
with paraffin oil it may be ignited without danger in small quantities at a time 
A blow of o 75 kg m will cause its detonation, and it can be exploded by a strong 
electric discharge 

Direct contact with water brings about separation of the nitro-glycenne, and this constitutes a 
source of danger when the explosive is used in wet places Its liaibihty to freeze is another source 
of danger Very strong detonators are required to explode it when frozen, and though in this 
condition it is fairly insensitive to a blow, breaking or crushing are distinctly dangerous operations. 
Thawing must be conducted with great care in a specially constructed pan provided with a jacket 
for hot water. Should exudation of nitro-glyccrine take place during thawing this will introduce an 
element of danger in ramming 

During storage, exposure to the mflucnces of damp and sunlight must be avoided About i per 
cent of sodium or calcium carbonate is frequently added to the ordinary ingredients in order to 
preserve neutrality 

Rhenish dynamite contains 70 per cent of a solution of 2-3 per cent, of naphthalene in nitro- 
glycerine, 3 per cent of chalk, 7 per cent barium sulphate, and 20 per cent of kieselguhr Nobel’s 
Ardeer powder contains 31-34 percent nitro-glycerine, 11-14 cent kieselguhr, 47-51 percent 
magnesium sulphate, 4-6 per cent potassium nitrate with i per cent of ammonium or calcium 
carbonate 

Dynamites with a combustible base include carbo-dynamite and others m which 
the absorbent is wood-meal or sawdust These latter may be detonated when wet 
and can be dried before use without marked alteration 

The following are examples of mixed dynamites containing an explosive base in addition to 
nitro-glycenne 40 per cent nitro-glycenne, 12 percent wood-meal, 46 per cent sodium nitrate, and 
}-! per cent, calcium or magnesium carbonate In a French ammon-aynamite, ammonium nitrate 
IS used It has the following composition 40 per cent nitro-glycenne, 10 per cent wood-meal, 
10 per cent sodium nitrate, 40 per cent, ammonium nitrate. 

In mixed dynamites the nitro-glycenne is capable of being displaced by water, 
as in the case of guhr dynamite This potential cause of accidents is removed by 
transforming the nitro-glycenne into a component of a colloidal solution, which is 
effected by dissolving 7-10 per cent, of collodion cotton in 93-90 per cent of 
nitro-glycenne whereby Blasting gelatine, a tough elastic mass and one of the 
most powerful blasting explosives, is formed. 

A colloidal solution containing 96-97 per cent, of nitro-glycenne and 4-3 per cent, of collodion 
cotton, on being mixed with saltpetre and wood-meal in a kneading-machme, yields Gelatine 
dynamite, or Gelignite, of which the following is a typical example 62 5 per cent, nitro-glycerine, 
2 5 per cent collodion cotton, 25 5 per cent, sodium or potassium nitrate, i 7 per cent wood -meal, 
and o 8 per cent. soda. Another containing ammonium nitrate has the following composition 
50 per cent, nitro-glycenne, 2 5 per cent collodion cotton, 45 per cent ammonium nitrate, 2 5 per 
cent rye-meal, and is known as asnmongelatindyiiainite. 

Gelignite formed 10 2 per cent, of the total quantity of explosives used in mines and quarries in 
this country dunng 1909, and blasting gelatine and gelatine dynamite together formed 2 per cent 
(H.M.I report) 

For the manufacture of these explosives finely pulped and dried collodion cotton 
is chosen containing not less than ii per cent, of nitrogen, and having a maximum 
solubility m ether alcohol and a minimum of gun-cotton or unnitrated cotton It 
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Fig, 245.“ Messrs Werner, Pfleiderer, & Perkin’s 
Mixing Machine. 



should be free from sand or grit and leave a maximum residue of 0.25 per cent, on 
ignition. 'Phe moisture present should amount to not more than 0.25-0.5 per cent., 
so exposure to the air is avoided during transit from the drying house to the sifting 
house. Mere the cotton is 


rubbed gently through a brass 
sieve, and after being weighed 
out into air-tight zinedined cases 
or india-rubber bags is removed 
to the gelatine mixing house 
where the neces.sary quantity of 
pure dry nitro glycerine is poured 
upon it in a lead-lined trough. 
The mixture is well stirred with 
a wooden paddle and kept for 
half an hour at a temperature 
of 40^ C. by means of hot- water 
circulation through the jacket 
with which the tank is provided. 
Arrangements should be made 
for the admission of cold water 
to the jacket in case the mixture 
becomes too hot. When the 
jelly has become semi-trans- 
part'iit it is transferred to the 
mixing macliine, of which an 
illustration is shown (Fig. 245). 
M‘ Roberts* mixing machine is 
still in use, however (Fig. 246), 
At this point, if gelignite or 
gelatine dynamite is being made, 
the nmessary proportions of 



Fig. 246,— M ‘Roberts’ Mixing Machine. 


jaii’.fied \v(K)d-meal and potas- 

sium nitrate are added, together with a certain amount of one of the substances 
proposed for depressing the freezing point of nitro-glycerine and a little magnesium 
carbonate. During mixing the charge is maintained at a temperature of 40“ C. by 
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means of the hot-water jacket surrounding the mixing trough. Incorporation 
requires at least half an hour. 

The paste thus obtained is transferred from the mixing house to the cartridge 
huts, in which it is made into cartridges by an Archimedean screw machine of the 
t>pe sho\m in Fig. 247 \ the cylinder of paste issuing from a nozzle of required 
diameter is cut into the lengths appropriate for each size of cartridge. 



Fig. 247.~Cartridije Mixing Machine for 
Gelatine Explosives. 


Homogeneity, stability, 
complete absorption of nitro- 
glycerine, and freedom from 
tendency to exude are of the 
highest importance in these 
explosives. 

Blasting gelatine is an 
amber -coloured, translucent, 
elastic mass which stiffens 
somewhat as time elapses. 
If well made it resists the 
conditions of the test for 
exudation and stands the 


heat test for a longer period 
than the minimum of ten minutes. It explodes at 204" C. if heated slowly (Hess), 
and at 240 C. if the heating is rapid. It is also exploded by a blow of 3J kg.-m. 
between steel and steel, ^ but is much more sensitive to shock when frozen. 

Gelatine dynamite is equally sensitive in its normal soft condition and when 
frozen, and in both cases is exploded by a weaker blow than is blasting gelatine. 
The insensitiveness of the latter when it contains camphor is somewhat remarkable. 
The shattering effect of gelatine dynamite is less than that of blasting gelatine, 
which is only used for very tough rock or for military purposes, and resembles 
nitro-glycerine itself in its effects. 


Among recent suggestions for the production of gelatinous explosives may be mentioned those 
of Schachtebeck (British Patent, 22,645, 1902) and Bicliel (British Patent, 23,846, 1902). In 
the former, ammonium nitrate is added to a gelatine consisting of glue or dextrin, glycerine and 
wMt, and this is incorporated with a nitro-glycerine gelatine and a carbohydrate. In the latter, 
glue is dissolved in glycerine, and nitro-glycerine is added. Collodion cotton or a suitable dope 
such as wood-flour and potassium nitrate may be added before the nitro-glycerine. 


Picric Acid and Trinitro-toluene 


Picric acid or trinitro-phenol, 


„h,^(no„)3) 


the oldest organic dye-stuff, has 


been used extensively for filling shells, and its salts have formed constituents of 
priming compositions and of powders used as propellants. The honey-yellow colour 
of the molten acid suggested the name Melinite which it receives in France, while 
in other countries it is designated Lyddite, Pertite, Ecrasite, or Schimose. Its 
melting point, 122.5 inconveniently high, so in order to secure greater ease 

in manipulation and less risk a quantity of a soluble substance sufficient to depre.ss 
Its melting point considerably is added to it. Dinitro-toluene, mononitro-paphthalepe, 
and camphor have been used for this purpose. Girard (British Patent, 6,045, i 90 S) 
gives a list of melting points of explosive mixtures of this kind : — 


Mixture in Equimolecular Pro- 
portions of— M.P. M.P. ofMixtme. 

Trinitro-phenol - - - - 122* C.\ . 

Nitro-naphthalene - - . . 61° C./ 

Trinitro-phenol - ■- - . i22*.C.\ 

Dinitro-toluene - - - - 71° C./ 47 G. 

Trinitro-phenol - - - - 122° C.V .r 

Trinitro-cresol - . - . 107* C./ 
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The specific gravity of picric acid solidified from fusion is i 64 A priming com- 
position, such as a mixture of ammonium picrate and potassium nitrate, is necessary 
to detonate the hard mass 


The manufacture of picric acid is carried out in the following way {Zeihchr Schtess Spring- 
stoffivesen, 15, 1910) See also Dr A H Ney, Chemical Trc^e Journal^ 23rd October 1915, 
PP 3851 386 


Phenol-sulphonic acid is first prepared, (CjH4^SOjh), which is then transformed into dinitro 

phenol-sulphonic acid (c,Hj{N02)j‘i^S0,H). The latter decomposes on warming with 
acid according to the equation — 


nitric 


yOH 

CeHaCNOala^^SOaH 


+ HNO, = CeH2(NOj3(OH) + 1X2804 


12 parts by weight of phenol (M.P. 40® C ) are heated to 100®- 105® C for eight hours with 48 parts 
of sulphuric acid of sp gr 1.84, with constant stirring, in a vessel provided with a steam jacket. 
The melt is drawn off into a transportable earthenware vessel in which, on cooling, it solidifies to a 
butter-like mass This is transferred by means of a scoop, in small portions at a time, to 90 parts 
of nitric acid of sp gr i 385 contained in a large earthenware vessel which stands in a water bath, 
surring being continuous during the whole operation, and the temperature being kept below 20® C. 
This causes the phenol sulphonic acids to change into dinitro-phenol-sulphonic acid. 

When all the sulphonic acid has been introduced, which for 100 kg requires about twenty 
hours, the water surrounding the nitrating vessel is slowly warmed, by leading in steam, so that the 
temperature rises to 40®-50‘’ C within the first four hours, and the water is then heated to boiling 
Toint At 80® 90° C , large quantities of nitrous fumes are evolved which are conducted through 
earthenware pipes to absorption towers ; the vigorous reaction having subsided, the water in the 
heating bath is kept boiling for three to four hours longer, and the contents of the vessel are stirred 
at intervals with a strong glass or porcelain rod Heating is then discontinued, and the contents 
of the vessel are allowed to cool to 30®-35® C , when the picric acid appears almost entirely in the 
crystalline form The waste acid is syphoned off, and several water washings are followed by 
wringing in a centrifugal, which is fined with woollen cloth, and into which cold water is sprayed 
until the drainings contain traces only of H2SO4 After wringing, the picric acid still contains 
10 15 per cent, of water, and its further drying is effected by placing it on glass plates in a warm 
air current or in a vacuum crying apparatus To recryslallise (not usually necessary) dissolve moist 
crystals in 10-12 times their weight of boiling water, filter through wool, and slowly cool 

The yield from 100 parts of phenol, melting at 40® C , amounts to not more than 190 parts of 
picric acid, of melting point I2r-I22® C , while theory requires 243 parts The diminution m yield 
is to be attributed to oxidation due to the excess of nitric acid used At the same time a consider- 
able excess of nitric acid is necessary in order to avoid the production of lower nitro-derivatives of 
phenol 


Picric acid can also be made by nitrating phenol with sodium nitrate and 
sulphuric acid [See German Patents, 51,321 (1889) and 67,074 (1891) ] 

Picric acid is now made on the large scale by nitrating chlorbenzol, CgHgCl, to dinitro* 
chlorben^ol, C8H5C1(N02)2, separating this product from the spent nitrating mixture, and heating 
with caustic soda, when the chlorine atom is replaced by the hydroxyl group 

The high melting point of picric acid is not its only disadvantage It will have been noticed that 
during manufacture all contact with metals is avoided Some of the metallic picrates are extra- 
ordinarily sensitive to shock, for instance those of lead and copper, and these salts are formed if the 
acid comes in contact with metals (except tin) or their oxides. Under favourable circumstances then 
detonation may take place, and, simultaneously with it, that of all the picric acid surrounding them, 
or in the immediate neighbourhood, hence the necessity for varnishing the interiors of shells, for 
giving special protection to primers, and for taking the utmost precaution to prevent access of foreign 
bodies. Picric acid will generate other acids from salts containing their radicles, and will decompose 
nitric esters, and if used at all it should be used alone The dust from it is poisonous, as also arc 
the fumes arising from the molten acid, and its dyeing effect upon the skin is well known Ammonium 
picrate and nitre, the constituents of Brug^re’s powder, are now used as a priming composition. 

Solubility of Picric Acid — 100 parts water dissolve o 626 at 5® C., i 161 at 15® C , i 225 at 
20® C , I 380 at 26® C., 3 89 at 77® C. HaS04 diminishes its solubility. Easily soluble in alcohol 
and ether, benzol dissolves 8-10 per cent, at ordinary temperatures 


Trinitro-toluene has sprung into prominence as a substitute for picric acid, 
chiefly owing to its freedom from acidic properties, its lower melting point, 
and great stability. Of the various isomers the one having the structure 


44 
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C0Hj(NO2)3.CH8i.(cHa : 2 • 4 : 6) is used (see Ber ^ 1914, p. 707 ; Zeitsck. gesammte 
Schtess, Sprengstopiicsen, 1907, 4, 1910, 156, 1911, 301, 1912, 426; 1914, 172). 
Its manufacture from pure toluene is earned out in stages 

180 kg. of pure toluene are first of all transformed into mono-mtrO' toluene by meai^ of a 
mixture of 315 kg of sulphuric acid (sp gr 1.84) and 200 kg of nitric acid (sp. gr I 44) ; the 
waste acid is <frawn off, and a fresh acid mixture of 600 kg of sulphuric acid (sp. gr x.84) and 
200 kg. of nitric acid (sp gr i 48) transforms the first product into dinitro-toluene. The mixture 
is heated and stirred during the operation, and the dinitro- toluene separates as an oily layer from 
the hot mixed acids The waste acid from this second stage is revivified by the addition of 135 kg 
of fresh nitric acid (sp gr 1.44), and is used again for making mono nitro-toluene. 

Dinitro-toluene forms, on coolmg, a pale yellow, fibro-crystalline, moderately hard and brittle 
mass, which on further treatment with sulphuric and nitric acids is transformed into trimtro-toluene. 
For this purpose it is dissolved by gently heating it with four times its weight of sulphuric acid 
(95 9^ c^nt ) and it is then mixed with one and a half times its weight of nitric acid (90-92 per 
cent ), the mixture being kept cool Afterwards it is digested at 90®-95* C, with occasional 
^Stirring, until the evolution of gas ceases, which takes place in about four or five hours. The 
product, after cooling, is separated and washed 

According to the purity of the dinitro-toluene one may obtain an end-product with a melting 
point of 72®-73® C , or a purer form with a solidifying point of 77®-79® C The impure form is used 
exclusively in blasting explosive mixtures By recrystallising the higher melting product from 
alcohol or petroleum benzene it may be obtained pure, and then melts at 80 6® C It is finely 
crystalline, is bright yellow in colour, has no specially bitter taste, and the dust arising from it is 
said to have no injurious effect Whether in the form of powder, or in the massive condition after 
pressing or fusion, it is quite insensitive and much safer to manipulate than picric acid It can be 
detonated with a No 3 detonator (o 54 g of fulminate composition) when in the form of powder, 
and no poisonous gases are produced It is quite stable under the influence of heat and moisture, 
and has no action upon metals or metallic oxides 

Its low density is a drawback (i 54 against i 64 for picric acid) Rudeloff [Zatschr Schtess 
SprengsfoffiveuHy 7, 1907), obtains a density of i 85 to i 90 by making a plastic substance from 
tnnitro-toluene and potassium chlorate with a gelatine made from dinitro toluene and soluble nitro- 
cellulose Bichel (British Patent, 16,882, 1906) makes a plastic ** compound ” with collodion cotton, 
liquid dinitro-toluene, aud larch turpentine to which he gives the name Plastrotyl. Messrs Allen- 
dorf mix the tnnitro-toluene, together with some lead nitrate or chlorate, with a gelatine made from 
dinitro-toluene and nitro-cellulose, and call the product Tnplastit Bichel (British Patent, I9>2I5, 
1906) melts the tnnitro-toluene and, after first exhausting all occluded air, compresses the molten 
product during cooling by means of compressed air In this way he increased the density to i 69. 
Rudeloff, using h>draulic presses, subjects it to a pressure of 2,000-3,000 atmospheres whereby it 
attains to a density of \ 7, and can be cut and worked like gun-cotton For the purpose of 
facilitating detonation some loose tnnitro-toluene is used as a primer 

Tnm&o-toluene has been introduced into the French service under the name of Tohte. The 
Spanish Government call it Tnlit The carbonitc works of Schlebusch are introducing it into other 
services under the name of Trotyl, and Messrs Allendorf of Schoenebeck under the name of Tnnol. 

Trmitro-benzene is also receiving attention as a suitable material for filling shells. 

Schroetter and von Freiherr (British Patent, 8,156, 1907) have proposed the use of hexa-nitro- 
diphenylaroine, in a compressed condition, or its salts, in the manufacture of high explosives for 
adjusting the sensitiveness and the melting point. 

Other nitro-denvatives of hydrocarbons and of phenols arc used in explosive mixtures Amon^ 
the former are dimtro-benzene, chlor-diiutro-benzene, dinitro-toluene, di- or tn-nitro-den- 
vatives of mesitylene, pseudocumene, and xylene, dimtro-naphthalene Tnnitro naphthalene 
and tetra-mtro naphthalene have also been ppposed. Of the nitro phenols, perhaps the most 
important is tn-nitro-cresol, known as Cresilite in France, where it is added to Mehmte 
Other nitro-denvatives of the aromatic series will be mentioned in the section on detonators. 

The work of Dr B J Flursheim on the polynitro-derivatives of aromatic compounds has aroused 
widespread interest 2.3 4 fi-tetramtro-aniltne or tetrany], which he obtains by nitrating 2 . 3- 
dinitro-aniline, 3 4-dinitro-aniline or metanitro-anilme (British Patents, 3,224, 1910, and 3,907, 1910, 
D R.P , 242,079 and 241,697), appears from results of tests which have been published to be par- 
ticularly well adapted for use as an explosive {Proc Chem. See , 26, 1910 ; Zettschr, Schtess, 
Sprengstoffwesen, 10, 1913, and 2, , Joum, US, Artillery^ 40, 1913), and is suggested for 

application in detonators, explosive mixtures, propulsive powders, and detonating fuses, also for 
filling shells, mines, and torpedoes. It may be used as a primer (British Patents, 16,673, I 9 li» ^nd 
2,407, 1912) or m admixture with (i) trmitro-amino-anisol or trmitro anuno-phenetol (British 
Patent, 18,777, 1911) or (2) with aluminium and ammonium perchlorate (French Patent, 465,082, 
1913). The application of tetranitro-anihne on an appreciaole scale will no doubt depend on 
whether or not the stnngent official requirements regarding explosives and their ingredients can be 
met at a suitable cost and without sacrifice of efficiency. 

Ammonium Nitrate Explosives, Safety Explosives 

Bichel, in conjunction with Dr Mett^ang and other colleagues, has investigated 
experimentally the conditions which determine the superiority of some explosives 
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over others, with regard to their liability to ignite mixtures of pit gas and air. They 
have provea that this liability depends upon the length, duration, and temperature 
of the flame accompanying detonation, and the figures obtained on dividing the 
duration of flame by the time of detonation, to which they give the name “ after- 
flame ” ratio, distinguish in no uncertain fashion those explosives which may be 
considered “ safe ” from those which are known to be unsafe. Even a ** safe ” 
explosive becomes dangerous if more than a certain amount of it, known as the 
‘‘charge limit,” be used at one time 


In tesling explosives for “safety” at the British Home Office Testing Station at Rotherham 
shots are first fired into a mixture of gas and air (13 4 per cent coal gas). When the largest charge 
which can be fired, w ithout igniting the mixture, has been determined, further shots are fired— 
beginning with this charge, and, in the event of an ignition, reducing the charge — until hve shots 
of the same weight have been fired without igniting the mixture Starting with the charge 
determined similar experiments are earned out with coal dust until five shots of the same weight 
have been fired without igniting the coal dust The lower of the charges thus determined is known 
as the “ Maximum Charge ” The shots are unstemmed In Germany a more dilute gas mixture 
is used (7 9 per cent methane in air) The less the area of cross section of the gallery the more 
easily does ignition take place, so until a standard type of gallery is agreed upon, and a definite 
method of testing adhered to, the results from the various testing stations can have little value foi 
purposes of comparison 

Gunpowder, tnnitro-toluene, picric acid, blasting gelatine, gelatine d)^namite, and 
gun-cotton are all unsafe. Explosives containing nitro-glycenne may, however, be 
perfectly safe , in fact, such explosives are amongst the safest we have In these 
the percentage of nitro-glycerme is comparatively low, and the other ingredients are 
such as will give as low a temperature as is consistent with satisfactory work 
Ammonium nitrate is very frequently used in safety explosives, and a small amount 
of nitro-glycenne will ensure its complete detonation Many safety explosives 
contain ammonium nitrate and compounds of the type of dinitro-benzene, while 
in others, which contain no ammonium nitrate, the cooling effect of substances 
like ammonium oxalate or salts containing water of crystallisation is relied upon 
to confer the necessary degree of safety. While ammonium nitrate explosives in 
general may be*' said to have a higher “ charge limit ’’ and a less violent shattering 
effect than the explosives mentioned above, and possess the further advantages 
of being safer to handle and transport and of requiring a strong detonator, it must 
hot be forgotten that their use is best confined to a definite type of work. The 
hygroscopic nature of ammonium nitrate is a disadvantage which is overcome by 
vanous devices, but its low specific gravity necessitates greater expense in preparing 
the larger bore-holes necessary to accommodate the charge 

For use in the production of explosives the ammonium nitrate is dned, finely 
ground, mixed with the other ingredients in a drum-mixer, again dned at 60* C., 
and afterwards made into cartridges The cartridges for protection against moisture 
are either surrounded by tinfoil or impregnated with paraffin or ceresine, which 
IS accomplished by dipping them in a bath containing these substances in the 
molten condition 

Rigid cartridges are produced by pressing a mixture made plastic either by 
means of a molten bmding matenal (a nitro-hydrocarbon) or by a solution — collodion 
cotton in acetone for example. On cooling, or on evaporation of the solvent, the 
solid cartridge is obtamed. 

The following are explosives containing ammonium nitrate : Ammoncarbonite, 
Wetterfulmenite, Chromammonite, Roburite, Dahmenite, Dorfite, Bellite, Securite, 
Trench’s flameless explosive, Faversham powder. Ammonite, Electronite, Amvis, etc. 

As mentioned above, the addition of various salts to the explosive mixture fur the purTOse of 
reducing the temperature of the detonation products has been made. Claessen (British Patent, 
2,240, 1906) uses chrome alum or ammonium chrome alum ; the Castroper Sicherheitsspreng^tofl 
Akt.-Ges. (Bntish Patent, 18,275, ^ 9 ^ 5 ) ammonium chlonde and ]^tassium oxalate; Curtis 
and others (British Patent, 24,934, X902) suggest copper sulphate, or a mixture of co^r sulphate 
with ammonium sulphate or equivalent salts. The fire extinguishing compound of Mr Geo Trench, 
consisting of sawdust impregnated with a mixture of alum and chlorides of sodium and ammoniv, 
is so disposed about the explosive proper as to prevent the ignition of a surrounding explosive gas 
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mixture. Nearly all safety explosives require a No. 6 detonator and are generally fired by lovi 
tension fuses connected to a magneto firing apparatus The composition of a few members of this 
large class is given in the appendix to this article. An apparently practical proposal for supervision 
of the mine gases is made by Teclu (/ Prakt, 82, 237-240, loxi, Uhem. Lab der Wiener 

Handelsakademie) who tests the gas mixtures at various parts of tne mine by drawing samples 
through tinned iron tubes, by means of a powerful suction pump, into explosion vessels situated on 
the surface The gas samples can be tested in a few minutes with perfect safety, and the results 
signalled 

Plasticity is a desirable quality m an explosive intended for use in bore-holes, 
and ammonium nitrate explosives possessing plasticity are now produced 

Gelatmeastralite contains ammonium nitrate with some sodium nitrate, up to 20 per v.ciiL 
of dinitro-chlorhydrin and maximum amounts of 5 per cent, of mtro-glycennc and i per cent of 
collodion cotton. Gelatmewetterastrahte z has the composition 40 per cent, ammonium nitrate, 

7 5 per cent sodium nitrate, 16 per cent dinitro-chlorhydrm, 4 per cent nitro-glycerine, o 5 per 
cent collodion cotton, o 5 per cent wood-meal, 8 per cent potato starch, 2 per cent rape seed oil, 

I per cent nitro-toluene, 2 per cent dimtro-toluene, 14 per cent salt, and 2 5 per cent ammonium 
oxalate. Another plastic ammonium nitrate explosive known as Plastammone contains auHnonium 
nitrate, glycerine, mono-nitrotoluene, and nitro-semicellulose 

The use of aluminium powder as an ingredient of explosives, first suggested by Dr Richard 
Escales m 1899, results in a rise of temperature and a considerable increase in pressure produced 
by the heat evolved during the oxidation of the aluminium, in other words, the explosive power is 
increased 

The high price of aluminium powder and its liability to oxidise prematurely have militated 
against its more general adoption Ammonal is an explosive containing aluminium powder, and 
a similar mixture has been used in Austria-Hungary for several years for filling shells The latter 
has approxirtlately the following composition 47 per cent ammonium nitrate, i per cent charcoal, 
30 per cent trinitro-toluene, and 22 per cent aluminium It is compressed, heated to 67* C , 
dipped in molten tnnitro-toluene, and cooled m a stream of air 

Calcium-silicon, ferro-silicon, silicon, silicon carbide, magnesium, zinc and its alloys, copper, 
and the rare metals have all been the subjects of patents regarding the production of effects 
similar to those of aluminium 

Chlorate and Perchlorate Explosives 

The developments of electro-chemistry having resulted in the production of 
chlorates in large quantity, an outlet for these was sought in ^ the sphere of 
explosives and ultimately found Chlorates have long been forbidden for 
explosives manufacture on account of the sensitiveness of mixtures containing them 
to shock and friction Street found, however, that by using castor oil in the mixture 
this danger was obviated (D R Patent 100,522, 1897, 100,532, 1897, 117,051, 
1898, 118,102, 1898) Cheddltes, so-called from their place of manufacture, 
Chedde, in Haute-Savoie, are composed as follows (Dr Escales’ article on 
“ Explosivstoffe,” Dammer’s ‘‘Chemische Technologic der Neuzeit”) (i) KCIO3 
79 per cent., nitro-naphthalene 15 per cent, castor oil 6 per cent , (2) KClOg 
79 per cent, dinitro-toluene 15 per cent , nitro-naphthalene i per cent , castor oil 
5 per cent; (3) NaClOj 75 per cent , dimtro-toluene 19 per cent , nitro-naphthalene 
I per cent , castor oil 5 per cent , (4) KClOg 80 per cent , dimtro-toluene 2 per 
cent , nitro-naphthalene 10 per cent , castor oil 8 per cent 

The dimtro-toluene and nitro-naphthalene are dissolved in warm (6o®-7o*) castor 
oil contained in a double-walled enamelled iron vessel, and the finely pulverised, 
dned and sieved potassium chlorate is added with constant stirring or kneading by 
means of a large wooden paddle After further working the explosive is corned 
and on standing for some time is made into cartridges which are waterproofed. 

A cheddite containing ammonium perchlorate has the following composition 82 per cent 
ammonium perchlorate, 13 per cent dimtro-toluene, and 5 per cent, castor oil HCl is evolved in 
its decomposition, and is not entirely prevented from forming by the addition of sodium nitrate It 
possesses, m a high degree, the disadvantage, shared by chlorate cheddltes, that it easily becomes 
Wd, and is then not completely detonated. 

Colliery steelite consists of 74 parts of potassium chlorate, 25 parts of oxidised resin, and z part 
of castor oh. 

Silesia Powder (186,829, D R. Patent) is a mixture of 75 per cent, potassium chlorate 
and pure or nitrated resm Permonite and Alkalsite contain 25-32 per cent potassium per 
chlorate, ammonium nitrate, trimtro-toluene, and other constituents Yonckite, a Belgian explosive, 
contains, m addition to per^lorate, potassium nitrate and mononitronaphthalene. 
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Spermaceti,* tar,t naphthalene $ and paraffin, linseed oil,§ and a solution of hydrocarbons I have 
all been proposed for use with chlorate explosives 

The suggestion, made by Sprengel so long ago as 1871, to transport an oxygen 
carrier and a combustible substance separately to the place required, and there to 
mix them in suitable proportions immediately before use, is still acted upon in 
some countnes. Potassium chlorate is one of the oxygen carriers used 

Winand (Bntish Patent, 26,261, 1907) has suggested tetranitro-methane as 
an oxygen carrier for the production of explosives of the Sprengel type. 

This substance should prove useful m other lespects, though its volatility is a disadvantage It 
can be made quite easily, witiiout danger, and in almost theoretical amount by allowing nitric acid to 
react with acetic acid anhydride at ordinary temperatures (Chattaway, Chem , Nov 1910) 

It IS a colourless oil which solidifies to a crystalline mass, melting at 13® C It is insoluble 
in water, but dissolves readily in alcohol and ether, is very stable, and does not explode on the 
application of heat, but distils quietly at 126® C. 


Fulminate of Mercury. Azides. Primers. Percussion Caps. 

Detonators 

T'he detonation of an explosive is almost always efferted by the detonation of 
a more sensitive explosive, of which a small quantity is placed in juxtaposition with 
the first, and fired by mechanical shock, fuses, or electncal devices Ordinary 
percussion cap composition contains a mixture of mercury fulminate, potassium 
chlorate and antimony sulphide to which powdered glass may be added, in order 
to obtain increase of sensitiveness The caps for detonators are of pure copper, 
are cylindrical in shape, closed at one end, and charged with an intimate mixture 
of 85 per cent mercury fulminate and 15 per cent potassium chlorate Detonators 
are made in ten sizes, numbered consecutively, and contain o 3, o 4, o 54, o 65, o 8, 
i o, I 5, 2 o, 2 5, or 3 g of the detonating mixture 

Fulminic acid is the oxime of carbon monoxide, H O N*=C^ and its mercury salt is 

0 hi 

represented by the formula Hg<^^ ^ . The latter is obtained by the action of 

ethyl alcohol or of methylated spirit on a solution of mercury in nitric acid The 
reaction takes place in a large flask or carboy, and may require to be moderated by 
the addition of alcohol. It has been shown that oxides of nitrogen must be present , 
that acetaldehyde gives a much larger yield of fulminate than alcohol, and that 
I -carbon bodies (methyl alcohol, formaldehyde) and also 3- and 4-carbon com- 
pounds give none at all 

The alcohol is first oxidised to aldehyde this is converted by the nitrous acid present into 
isonitroso-acetaldehyde, and this is further oxidised to isonitroso acetic acid This last body is 
converted by nitrous fumes (by nitration followed by loss of carbon dioxide) into methyl nitrohc 
acid, which reacts with mercuric nitrate to give mercury fulminate . — 

CH. CH8.0H->-CH, CH 0 ->H 0 N CH CH 0 ->H 0 N CH COOH->HO.N.C(NOa) COOH 

->HON.C(NOa)H^HON C 

Small grey needles of the fulminate separate, and after transference to a cloth 
filter are washed till acid free, and then dried in a vacuum apparatus. From 100 g 
of mercury 125 g of fulminate are obtamed The alcohol in the condensed 
vapours is used again. A pure white fulminate, free from metallic mercury, is 
obtained by adding a little hydrochlonc acid and copper to the acid mixture. It 
IS soluble in 130 times its weight of boiling water, and in ammonia, has a sp. gr. 
= 4.42, and when dry explodes by a moderate blow or slight faction. When 
detonated in a space entirely filled by it, it develops a pressure more than twice 


* Hahn (British Patent, 960, 1867). t Tschirner 447, 1880). 
t Fraenkel (tdid., 13,789, 1888). § Brank 1891). 

il Hinly {Utd.f 1,969, 1882), and Lytc and Lcwall {tdtd , 14,379, 1884). 
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that of nitro-glycerine treated under similar circumstances. Confinement is necessary 
to develop its full power, though a very slight degree of confinement is sufficient 

In the firing of smokeless powders the necessary increase in temperature is obtained by adding 
a combustible substance Aluminium powder, either mixed with the fulminate or pressed in a layer 
on top of it, has been successfully employed by Dr Brownsdon and the King’s Norton Metal 
Company (Bntish Patent, 23,366, 1904) An important step in advance was made when the 
expensive and dangerous fulminate of mercury or its mixture with potassium chlorate was 
diimnished in quantity to a fraction of its onginal amount by the use of picric acid or, much better, 
trinitro-toluene 

A No 8 detonator containing 2 g. of the ordinary fulminating composition is equalled by one 
containing only o 5 g together with 0.7 g. of tnmtro-toluene 

Dr Claessen (British Patent, 13,340, 1905) has shown that even better effects are obtained by 
the use of what he calls tetramtro-methylaniline or tetranitro-ethylamline These substances are 
realW trinitro-phenyl methyl-nitramme and tnnitro-phenyl-ethyl-nitramine The commercial name 
for Claessen’s substance IS “ tetryl ” “Tetryl” detonator No 6 contains o 4 g of trinitro-phenyl- 
methyl-nitramine and 0 3 g of a mixture of 87.5 per cent mercury fulminate and 12 5 per cent 
potassium chlorate 

Mercury fulminate may now be dispensed with and replaced by an even smaller 
quantity of an azide Dr Lothar Wohler finds that an ordinary No 8 detonator 
IS equalled by one containing i g. of picric acid or of tnnitro-toluene and o 023 g. 
of silver azide in place of the usual mercury fulminate charge of 2 g (British Patent, 

4,468, 1908). 

M Hyronimus (British Patent, 1,819, 1908) has patented the use of lead azide, 
Pb(N8)2, describes a safe method of manufacturing it, founded on the process 
used by Wishcenus {Ber ^ 1892, 25, 2084) 

Sodamide is first prepared, and is transformed into sodium azide by warming at 300* C. in a 
stream of nitrous oxide gas The sodium azide is dissolved m water, the solution is neutralised 
with very dilute nitric acid, and lead azide is precipitated by adding a solution of lead nitrate The 
reactions which take place are r^resented by the following equations (i) Na + NH8= NHaNa-l* H , 

(2) NH8Na + N 80 =NaNg + H20 The water formed decomposes part of the sodamide, thus 

(3) NIIaNa + HgOssNHg + NaOn. The reaction of the sodium azide with lead nitrate goes 
as follows (4) 2NaN3 + Pb(N03)a=Pb(N3)a+2NaN0s The crystalline lead azide is \\ashed 
on a filter and dned at a temperature below 100® C 

At 300® C. sodamide is fusible and sodium azide infusible , the latter as it forms absorbs the 
former and protects it from further action of the nitrous oxide The sodamide is therefore 
mcorporated with anhydrous materials like lime, magnesia, or sodium sulphate at i90®-200® C , 
and m this subdivided state reacts more readily with the nitrous oxide Siliceous absorbents such 
as pumice stone and infusorial earth would react with the caustic soda formed in the reaction, and 
both delay the process and dimmish the yield. 

Thiele {Ber , 1908, 41, 2681 -2683) has obtained an almost quantitative yield of azoimide by 
the action of ethyl nilnte on hydrazine in presence of alkali Hydrazine hydrate (i molecule) is 
mixed with 4 N sodium hydroxide (ij molecules), ethyl nitrite (ij molecules), and ether, and the 
mixture is allowed to remain first in ice and then at tne ordinary temperature After twenty-four 
hours the sodium azide is collected and washed Hydrazine sulphate may be used with appropriate 
modifications Stolid {Ber ^ 1908, 2811-2813) has patented a similar process The yield of 
azoimide obtained when a benzene solution of nitrogen chloride is shaken with a solution of 
hydrazine sulphate, with addition of caustic soda at intervals, is 36 per cent. (Tanatar, Ber,y 1899, 

1399 )* 


Smokeless Powders 

Smokeless powders of the present day contain, as chief constituent, nitro-cellulose 
alone or mixed with nitro-glycenne or some other nitro compound or inorganic 
oxidising agent. Attempts to use fibrous gun-cotton as a propellant were attended 
by failure. Dangerously high pressures were developed in the bore of the gun It 
was only when the control of the rate of combustion of the explosive was made 
possible by gelatinisation that progress could take place 

Roughly speaking, gelatinised mtro-cellulose boms in consecutive layers in such a way that 
equally thick layers are consumed in equal times. With the same compsition of explosive it is 
possible, by varying the shape and size of the unit pieces of powder in the charge, to regulate the 
rate of combustion of a powder so as to give the d^red velocity and yet keep within the pressure 
limits permissible In r ranee, powders take the form of nbbons, in Great Britain cords, m Germany 
flakes and tubes, m Italy cords of square section, m the United States short multiperforated cylmders. 
Ballistite is formed into cubes, and sporting powden abroad have in some cases a spiral sba^* 
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For gelatinising nitro-cellulose the solvents acetone or ether alcohol are generally 
used, the former for gun-cotton and the latter for pllodion cotton The nitro- 
cellulose IS used after drying by the ordinary method' in drying houses, or is made 
anhydrous by soaking it in alcohol-first of all in alcohol which has already been 
used for this purpose and then in pure alcohol, squeezing the liquid out after each 
operation in a press Gelatinisation of the finely powdered dry nitro-cellulose takes 
place in a mixing machine, after which the mixture is rolled under a pair of heavy 
rolls into sheets of the required thickness (0 3-0 7 mm ) which are afterwards cut 
up into squares and dried. 

The British service powder. Cordite M D , is a nitro cellulose, nitro-glycerine 
colloid containing 65 per cent of gun-cotton, 30 per cent of nitro-glycenne, and 
5 per cent of mineral jelly The percentage of nitro glycerine was originally 58 
and that of gun-cotton 37, but this produced a considerable erosive effect upon the 
guns which has been minimised by the adoption of the present modification without 
materially altering the ballistic results 

It IS made as follows • Dry gun-cotton is taken in non absorbent Ijags to the nilro-glycerine 
mixing house where the requisite amount of nitro-glycenne is added The “ paste ” now in the bags 
IS taken to a sifting house, where it is first mixed by hand in a leaden trough standing on supports 
and then rubbed through a sieve situated at the bottom of a bowl-shaped extension into a bag 
suspended beneath Removal to the incorporating house next follows In this is a kneading machine - 
of the well-known Werner, Pfleiderer, & Perkins type (h ig 245), is started after some acetone has been 
placed in the trough, the “ pa^te” is then added and lastly the remainder of the acetone After three 
and a half hours’ incorporation the mineral jelly is added and the kneading continued for another three 
and a half hours The trough is water-jacketed for cooling purposes, and a co\er is placed above 
it to prevent loss of acetone The cordite paste is then placed in a cylindrical mould and forced 
by hydraulic pressure through a die, and the long cord thus formed is wound on a metal drum or 
cut into lengths It is then sent to the drying houses and dried at a temperature of about 38® C for 
three to fourteen daj s according to the diameter of the cordite, after which it is thoroughly blended 
and despatched from the factory 

The finished cordite resembles a cord of gutta-peicha, and vanes in colour from 
light to dark brown. Its diameter varies according to the type of gun for which 
It IS intended, and amounts to 0375 of an inch for the 303 rifle when it is used in 
bundles of sixty strands, while for heavy guns sticks of 0 40-0 50 of an inch diameter 
and 14 in long are used A smaller charge is required to produce a given muzzle 
velocity with cordite than with gunpowder, and temperature differences do not 
affect Its ballistic properties much more. than in the case of the latter It is safe 
to handle, is very insensitive to shock, can be burnt away in considerable quantities 
without explosion, and retains its stability for consideiable periods under the most 
varied climatic conditions Its erosive effect upon guns is greater than that of 
gunpowder, and differs in its nature from that produced by the latter, which furrows 
the metallic surface, while cordite sweeps the surface smoothly away for a shorter 
distance 

The annexed figure, taken from Professor V B Lewes’s paper read before the Society of Arts, 
and due to Dr W Anderson, F.R S , shows graphically the pressures given by cordite and by black 
powder in the 6-in gun (Fig 248) 



<1, Charge, 48 lbs powder , h, Charge, 13 lbs 4 oz. cordite , c, Charge, 13 lbs 4 oz powder. 
Weight of projectile, 100 lbs in 6-in gun M.V. cordite= 1.960 ft. per sec. 
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A problem of great economic importance, that of the profitable recovery of 
solvent from the gelatinised explosive during drying, has been solved in recent 
years. Dr Robert Robertson and Mr Wm. Rintoul (British Patent, 25,993, 1901) 
have worked out, at Waltham Abbey, the process now used for recovering acetone 
from the atmosphere of cordite drying houses. 

The accompanying drawing of the absorption apparatus (Fig. 249), together with the foHowing l)rief 
description, will serve to indicate the method of working. The interiors of the drying houses are 



Fig. 249. — Section, Plan, and details of an Absorption Tower 
used in Robertson and Rintoul’s Acetone Recovery Process. 


connected by zinc pipes to a central absoipiion apparatus consisting of a series ot towers ©f 
rectangular section. A concentrated solution of sodium bisulplnte is run down these towers, and 
is distributed so as to descend by way of the woollen or other fibres which are arranged in zigzag 
fashion on wooden frames, and at the same time a Root’s Vdower or exhaust fan aspirates the acetone- 
laden air of the drying houses through the towers in series, the air current passing up the lower 
while the bisulphite solution flows down. The liquors which have collected at the bottom of tlie 
last tower and have met the poorest acetone mixture are blown by compressed air elevators to tire 
tank connected with the top of the second tower, while fresh bisulphite solution cuntmiuilly descends 
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the last tower. The partially saturated bisulphite; solution descends the second tower, and after- 
wards, m the same way, the remaining towers of the senes ; the saturated solution obtained from 
the first tower, that up which the air current first passes, is distilled, and the distillate is rectifi^ 
over caustic soda. The residual bisulphite solution is us^ again 

Bouchaud-Praeciq (British Patent, 6,075, ^ 9 ^S) has described a process for 
alcohol ether recovery in which the vapours are aspirated first through a cooling 
and dr)ang vessel containing a mixture of calcium carbide and sodium, and thence 
to an absorbing chamber, charged with pumice stone, down which sulphuric acid 
flows. The liquid is distilled at a low temperature or under reduced pressure for 
recovery of the solvent 

Solenite is an Italian nitro-glycenne, nitro-cellulose powder, containing 30 parts 
of nitro-glycerine, 40 parts of insoluble ” and 30 parts of “ soluble ” nitro-cellulose, 
the two latter having an average of 12 6 per cent of nitrogen Acetone is used 
for promoting the solution of the ** insoluble ” nitro*cellulose 

Ballistite is another nitroglycerine, nitro-cellulose powder the manufacture of 
which differs from those already given. “ Soluble ** nitro-cellulose, in the form of a 
fine powder, is suspended in fifteen times its own bulk of hot water, and nitro- 
glycerine IS added, the mixture being stirred by means of compressed air (Lund- 
holm & Sayers, British Patent, 10,376, 1889) The water acts as a carrier and 
enables the nitro-glycerine to gelatinise the nitro-cellulose The paste resulting is 
freed from water in a centrifugal machine and allowed to ripen It is then brought 
under heated rolls (i22®-i4o‘’ F ), weighted to exert a pressure of 100 atmo- 
spheres, and the sheets thus obtained are cut up into flakes, cubes, strips, etc , as 
required. 

Sporting powders are of two kinds, the so-called bulk powders, consisting of 
loose granules, coated or hardened by means of a solvent, and the so-called 
condensed powders, gelatinised throughout and made in practically the same way 
as military flake powders A powder of an intermediate type, the Walsrode 
powder, for instance, is made by first gelatinising throughout, and then treating 
with water or steam In this way granules are formed and part of the solvent is 
dri\en out again, leaving a “bulky” but hard grained powder behind. The bulk 
powders are supposed to just fill a cartridge used in the old black-powder gun, 
the condensed powders are made for modern weapons. The usual bulk powders 
are composed of collodion cotton mixed with potassium or banum nitrate, and 
generally worked up in an incorporating mill or drum The mixture is then either 
sprinkled with water in a rotating drum so as to form grams, or may be pressed 
and then broken into grains, the solvent being sprinkled over when the grams are 
already formed 


Smokeless powder gives a strong luminous flame which in military operations will disclose the 
position of an attackin^^ force The flame owes its luminosity to incandescent solid particles, and 
to the sudden combustion, under pressure, of gases which have escaped complete oxidation in the 
gun, but are still capable of uniting with oxygen Many attempts to secure absence of flame 
have been based on the principles applied to the making of safety explosives for coal mines 
Sodium bicarbonate and cyanamide, for instance, are added to produce a cooling effect The 
following have been the subjects of patents. Vaseline (British Patent, 19,773, 1900), Vaseline and 
alkali bicarbonate (D R Patent, i7S»399i 1903 ) » Diethyldiphenylurea (DR. Patent, 194,874, 
1906), Cyanamide (D R Patent, 201,215, 1902); Tartrates (British Patent, 15,566, 1905); Olive 
oil (British Patent, 15,565, 1905) ; Salts of dibasic organic acids and oils, fats or resins (British 
Patent, 19,408, 1906); Soaps (D R Patent, 195,486, 1907). 

The nitro-cellulose used in modern explosives has a tendency to decompose 
under conditions to which it may frequently be subjected before it is actually used 
m the gun, and in its gelatinised condition retains small quantities of the solvent 
which has been used to produce the powder, m spite of the prolonged drying at 
somewhat elevated temperatures which it has undergone. The removal of residual 
solvent is important if constant ballistic qualities are to be obtained. Water 
treatment, followed by drying, has been resorted to in some cases, but wherever 
heating is necessarily prolonged there is considerable nsk of impairing stability. 
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At the same time it may be pointed out that a heal treatment will sometimes 
apparently improve a powder, and may actually do so if volatile catalysts alone 
are in question. 

Stability must be carefully tested at regular intervals during storage Special additions ate 
frequently made during manufacture for the purpose of removing incipient acidity. Aniline, for 
example, is added to b^llistite in Italy, and diphenylamine, which is used in France, acts not only 
as a so-called “stabiliser,” but as an indicator, owing to the change in colour produced by nitrogen 
oxides These additions, however, delay deterioration under adverse storage conditions for a short 
time only. 

The composition of a few smokeless powders will be found in the appendix. 

The writer of the article desires to acknowledge his indebtedness to the following 
works . — 

“The Manufacture of Explosives,” by the late Oscar Guttmann, F.I C. Whittaker & 
Co , 1895 

“ Twenty Years* Progress in Explosives,** by the same author 1909 

“A Handbook of Modern E^Iosives,” by M Eissler Crosby Lockwood & Son, 1897 

“ Nitro* Explosives,” by P. Gerald Sanford, FIC, FCS Crosby Lockwood & Son, 
2nd edition, 1906 

“Die Explosivstoffe,*’ — “Nitroglyzerin und Dynamit*’ (1908), “ Ammonsalpetersprengstoffe*’ 
(1909), “ Chloratsprengstoffe ** (1910), by Dr Richard Escales Veit « Co., Leipzig 

“New Methods of Testing Explosives,” by C E Bichel Charles Griffin & Co. Ltd , 1905 

Dr Dammer’s “Chemische Technologic der Neuzeit ’* Article on “ Explosivstoffe” by Dr 
Richard Escales Ferdinand Enke, 1910 

Allen’s “Commercial Organic Analysis,** new edition Article by A Marshall, FIC, 
on “ Modem Explosives ** 1910 

The Journal of th 6 Ckemtcal Society , The Journal of the Society of Chemical Industry , The 
Chemical Trade Journal ^ Zeitschrift ftir das ^esamte Schiess- und Sprengstoffivesen ; 
Zeitschrift fUr angewandte Chemte , Chemiker Zeitung 


Obsenrations on the Testing of Explosives 

All materials used in the manufacture of explosives must conform to rigid specifications, which 
are framed with a view to obtaining a uniform supply free from matters which would affect injuriously 
both safe and economical working and stability, chemical and ph\sical, of the finished product 

The proximate ingredients of an explosive mixture are subjected to a searching examination 
before the process of incorporation takes place, and the homogeneous mixture obtained is afterwards 
tested with regard to (i) proximate composition, (2) chemical stability, (3) capacity for retaining 
original physical properties under conditions more adverse than those likely to be encountered during 
storage or shipment, (4) mechanical energy, (5) safety under working conditions, e ^ , sensitiveness 
to shock and friction and liability to ignite mixtures of air and coal-gas, into which sample cartridges 
are fired 

It IS impossible to do more than indicate briefly a few of the more important points connected 
with the first two tests For full details the larger works must be consulted 

Proximate Analysis. — Moisture and residual solvent, in the case of nitro glycerine eimlosives, 
are determined by MarshaH’s modification of L W. Dupre’s method (L W. Dupr 4 , Chemiker 
Zeitungy 540, 1901, and Marshall, yi7«r« Soc Chem Ind ^ 154, 1904). P V. [Analyst^ 

1906, 31, 213) estimates water m the volatile matter by passing it through a layer of calcium carbide 
and measuring the acetylene generated 

Other Constituents. — 2 g. of the sample, weighed out into a folded filler paper, are extracted 
with ether (sp gr o 720) m a Soxhlet apjwratus The extract may contain nitro-glycerine, resin, 
camphor, sulphur, mineral jelly, or paraflin In the case of cordite the nitro-glycerine and mineral 
jelly thus extracted are separated by repeated digestion with aqueous methyl alcohol (80 parts by 
volume of absolute methyl alcohol to 20 parts by volume of water), which leaves the mineral lelly 
undissolved. The contents of the filter paper are now extracted with water, and the residue left on 
evaporating the aqueous solution is examined for ammonium nitrate, potassium chlorate, barium 
nitrate, and soluble combustible substances. In the insoluble res due aluminium is determined by 
dissolving It in hydrochloric acid and precipitating it from solution as hydrate Extraction with 
acetone will remove nitro-celluloses The different kinds of carbon may be distmguished m the 
residue by their behaviour on heatmg Wood fibre is recognised by the microscope and by the 
presence of tannin m an extract, due to bark and nut-galls Sulphur is transformea into sulphate 
by oxidation with nitre and potassium chlorate 

Nitro-glycerine, before being used as an ingredient of an explosive mixture, is tested with re^rd 
to (i) percentage of nitrogen, (2) alkalinity, (3) moisture, and (4) stability A direct method of 
estimating the percentage of mtro-glycenne (usually determined by difference) m an explosive mixture 
u that of Silberrady PhuUps, and Memman (Joum, Soc, Chem Ind,y 25, 628). 
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Nitro-ccllulosc is eitamincd for percentage of nitrogen by means of the Lunge nitrometer or by 
the SchulUe-Tiemann process (see Marshall’s article, Allen’s “Commercial Organic Analysis, " 
4th edition, 1910, vol 111 ) An important paper on nitrogen estimation is that of Berl and Jurrissen 
{Zeits, Schuss-Sprengstojfweseny 1910, 4, 61) Nitro-cellulose is also exammed as regards solubility 
in ether alcohol, amount of unnitrated fibre, matter insoluble in acetone, ash and morganic matter, 
degree of alkalinity, presence of sulphuric esters, viscosity of i per cent solutions in ether alcohol 
or acetone, and stability. 

Picric Acid IS tested for the presence of resinous and tarry matters, sulphuric acid, hydrochloric 
acid, oxalic aad, and their salts. General impurities and adulterations, e g , oxalic acid, nitrates, 
picrates, boric acid, alum, sugar, etc., remain insoluble on shaking the sample with ether, and may 
be further examined The meltmg |X)int of the pure acid is 122* C Dinitrophenol may be 
estimated by Allen’s process {/cum Soc Dyers ^ etc , 4, 84) Mineral or non*combustible matter 
must not exceed o 3 per cent by weight 

Fulminate of Mercury is white or light grey in colour, should dissolve readily and completely, 
or almost completely, in ammonia or concentrated hydrochloric acid and in potassium cyanide solution. 
It IS exammed for metallic mercury, mercurous compounds, and oxalates (see Solonina, Zeits 
Schtess-Sprengsioffwesent 1910, 3, 41, and 1910, 4, 67) 

Cap Composition [(CNO)2Hg ; SbgSs ; KClOs] is analysed according to Brownsdon’s method 
{Journ Soc Chem Ind , xxiv , April 1905), or that of Messrs F W Jones and F A WiUcox 
{Chem NewSf Dec ii, 1896) Tne latter dissolve the fulminate by means of acetone saturated 
with ammonia gas, and afterwards remove the potassium chlorate by extraction with water 


Stability Tests 


Most of the numerous tests which have been used or suggested are based upon the detection or 
measurement of nitrogen oxides evolved when the explosive is heated They are classified as (i) 
“ Trace Tests,” in which the time required to produce a definite colour upon a sensitive test paper 
suspended over the heated explosive is measured, the temperature being either 160® F or 180® F , 
(2) “Fume Tests,” carried out at higher temperatures (100**135® C ), m which the time elapsing 
before fumes appear, or before a less sensitive reagent is affected, is measured , and {3) quantitative 
tests, made at the same temperatures as those attained in “Fume Tests,” in which the amount of 
decomposition products evolved in a given somewhat extended time is determined. No single test 
has been dev ised yet which can be relied upon to indicate the probable duration of stability, even 
under normal conditions A committee, appointed by the Home Office, has the whole question 
of the Heat Test under consideration, but has not yet published a report A bare summary of 
stability tests follows 


Trace Tests 


'1 Abel Heat Test (Explosives Act, 1875) — The test paper is impregnated 
with potassium lodiae and starch. (See paper by Robertson and Smart, 
Joum Soc Chem Indy Feb 15, 1910) For detection of mercuric 
chloride or metallic mercury, the presence of which renders the Heat 
Test valueless, see method adoptea by F H and P V Dupr^, and 
described in the Annual Report of H M Inspectors of Explosives 
for 1907, p 17 Hargreaves and Rowe {/oum Soc* Chem Indy 
1907, 26, 813) have worked out a method for the microscopic detection 
of mercury 

2 Test papers m^ be impregnated with zinc iodide and starch 

3 Guttmann’s Test {Joum Soc Chem Ind , 16, 1897) — Diphenylamine 

sulphate is the indicator used in this case The lest was claimed to be 
independent of the presence of solvent or of mercuric chloride 

4 Spica’s Test — The indicator used is w-phenylene diamine hydrochlornde 

(with cane sugar). 


Fume Tests 



Vieille Test 
German 135® Test 


r See Sy {Joum Franklin Inst , 1908, 166, pp 249, 
■( 32if 433) , also Joum Amer Chem Soc , 1903, 25, 

I 550 


Explosion Test- 


{ The temperature is noted at which o l g of the sample explodes on being 
heated at a uniform rate of 5® C, per minute from ico® C 


Waltham Abbey 
Slivered Vessd 
Test 


} 


See paper by Sir F L. Nathan, R A. Also article on “ Modern Explosives 
by Marshall in Allen’s “Commercial Organic Analysis.” 




Quantitative 

Tests 


The Will Test. — See Will (“ Mittheilungen der Centralstelle,” Neu Babclsberg, 
1900, 2), and Robertson {Journ Soc* Chem* Ind*y 1901, 20, 609 ; Tram* 
Chem* Soc*y 1907, 764, and 1909, 1,241. 

Bergmann and Junk Test {Zeits* Angew* Chem , 1904, 982) 

Sy’a test for nitro-cellulose powders {Joum Amer Chem* Soc*y 1905, 25, 550). 
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Composition of Some Explosives in Common Use 


Ordinary Dynamite 


Nitro-glycenne 
Kieselguhr - 


Amois 


Nitrate of ammonia 
Chlor-dmitrobenzene 
Wood pulp - 


75 per cent. 

25 


90 per cent. 
5 

5 >1 


Ammonia Nitrate Powder 


Nitiate of ammonia 

. 

80 per cent 

Chlorate of potash 

- 

5 »» 

Nitro-glucose 

- 

10 „ 

Coal-tar 

- 

5 »» 

Cei tite 



Nitro-gl}ccrine 

56 0 to 59 0 parts 

Nitro-cotton - 

2 0 

»» 3 5 »» 

KNOj .... 

17 0 

,, 21 0 „ 

Wood meal - 

80 

,,90 

Ammonium oxahte 

II 0 

,,130 >» 

Moisture 

0 5 

n I 5 


Atlas Powders 

Sodium nitrate 

Nitro glycerine 

Wood pulp . - - • 

Magnesium carbonate - 


Dualine, 


NitrO'glycenne 

Sawdust 

Nitrate of potash 


2 per cent 
75 M 

21 „ 

2 *» 


50 per cent 

30 

20 „ 


Vulcan Powder 


NitrO'glycenne 
Nitrate of soda 
Sulphur 
Charcoal 


NitrO'glycenne 
Nitrate of soda 
Charcoal 
Sawdust 


ViGORITE. 


30 o per cent 
52 5 

70 »» 

10 5 „ 


30 per cent 
60 .} 


Rendrock. 


Nitrate of potash - 
Nitro-glycerme 
Wood pulp - 
Paraffin or pitch - 


40 per cent 
40 n 
13 

7 


Hercules Powders. 


Nitro-glycerme 

75.00 to 40 00 per cent. 

Chlorate of potash 

I 05 „ 3 34 

1) 

Sugar - 

I 00 „ 15 66 

»> 

Nitrate of potash • 
Carbonate of mag- 

2.10 „ 31 00 

>» 

nesia - 

20.85 „ 10.00 

99 


CarbO'Dynamite 


Nitro glycerine 
Charcoal 


90 per cent 
10 „ 


Geloxite (Permitted List) 


Nitro-glycerme 
NitrO'Cotton - 
Nitrate of potash - 
Ammonium oxalate 
Red ochre 
Wood meal - 


' 64 to 54 parts, 

- 5 n 4 »» 

- 22 „ 13 

- 15 »» 12 „ 

I >» ® >» 

7 n 4 »> 


The wood meal to contain not more than 15 per cent, 
and not less than 5 per cent moisture 


Giant Powder 


Nitro-glycerme 
Sodium nitrate 
Rosin - 
Sulphur 
Kieselguhr 


40 per cent 

40 

6 .. 

6 „ 

8 .. 


Dynamite de Trauzl 


Nitro-glycerme 
Gun-cotton - 
Charcoal 


75 parts 

25 » 

2 


Rhenish Dynamite 


Solution of N G in naphthalene 75 per cent 
Chalk or barium sulphate 2 ,, 

Kieselguhr - - - 23 ,, 

Ammonia Dynamite 

Ammonium nitrate 
Paraffin 
Charcoal 
Nitro-glycerme 


75 parts 
4 » 


Blasting Gelatine 


Nitro-glycerme 
Nitro-cotton - 


93 per cent. 
3 to 7 


Gelatine Dynamite 


Nitro-glycerme 
Nitro-cotlon - 
Wood pulp - 
Potassium nitrate - 


71 per cent. 
6 ,, 


.i 


Gelignite 


Nitro-glycerme 
Nitro-cotton • 
Wood pulp * 
Potassium nitrate - 


60 to 61 per cent. 
4 »> 5 »» 

9 » 7 

27 


Forcite 


Nitro-glycerme 
Nitro cotton - 
Sulphur 
Tar 

Sodium nitrate 
Wood pulp 


(The N.-G , etc , vanes ) 


49.0 per cent 
I o ,, 

I 5 

10 o „ 
380 „ 

os >, 
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Tonitr No. I. 

Gun-cotton - - - - 52 to 50 parts. 

Barium nitrate - - 47 ,, 40 „ 

Tonitb No. 2. 

Contains charcoal also 


Tonitb No 3. 


Gun-cotton - 

. 

. 18 

to 20 per cent 

Ba(NO,)a - 


. 70 

»> 67 »» 

Dinitro-benzol 

. 

- 11 

If 3^ >> 

Moisture 

- 

• 05 

f » ^ 11 


Carbonite. 


Nitro-glycerine 

- 


17 76 per cent 

Nitro benzene 

- 

“ X “ 

I 70 

Soda - 



0 42 

KNO, 


- 

34 22 „ 

Ba(N03)2 

- 

• 

9 71 If 

Cellulose 

• 

• 

I 55 

Cane Sugar - 

• 

• 

34 27 

Moisture 

• 

• 

0 36 „ 


99 99 


Roburite 

Ammonium nitrate - • 86 per cent 

Chlor dinitro-benzol - • 14 ,, 

Faversham Powder 

Ammonium nitrate - 85 per cent 

Dmitro-benzol - - 10 ,, 

Trench’s flame extinguishing 

compound ... 5 

Favierite No. 1. 

Ammonium nitrate - - 88 per cent 

Dinitro naphthalene - - 12 ,, 

Favierite No 2. 

No I powder - - 90 per cent 

Ammonium chloride - 10 ,, 

Bellitb. 

Ammonium nitrate - - • S 

Meta-dinitro-benzol - - - i ,, 

PETROFR ACTED R 

Nitro-benzene - - - 10 per cent. 

Chlorate of potash • - 67 „ 

Nitrate of potash - - 20 ,, 

Sulphide of antimony - - 3 ♦» 

Securite. 

Mixtures of 

Meta-dinitro-bcnzol - - 26 per cent 

and 

Nitrate of ammonia - - 74 „ 

Rack a- Rock 

Potassium chlorate - - 79 per cent. 

Mononitro-benzene 21 „ 

OXONITB 

Nitric acid (sp gr. 1.5) • • 54 parts 

Picric acid - - • - 46 „ 


Emmbnsitb. 

Emmens* acid * - - * 5 parts 

Ammonium nitrate - - 5 ,, 

Picric acid 6 „ 

BRuofeRE Powder 

Ammonium picrate - - 54 per cent 

Nitrate of potash - - 46 ,, 

Designolle’s Torpedo Powders 

Potassium picrate - - 55 to 50 per cent 

Nitrate of potash - - 45 », 5 ^ »» 

Stowite 

Nitro glycerine - - - 58 o to 61 parts 

Nitro cotton - ■ 4 5 m 5 »> 

Potassium nitrate - -180 ,, 20 ,, 

Wood meal - - - 6 o ,, 7 ,, 

Oxalate of ammonia -ii o ,, ^5 »> 

The wood meal shall contain not mure than 15 per 
cent and not less than s per cent by weight of 
moisture The explosive shall be used only when con 
tamed tn a non waterproofed wrapper of parchment — 
No 6 detonator 

Faversham Powder 

Ammonium nitrate - - 93 to 87 parts 

Trinitro toluol - - ii ,, 9 ,, 

Moisture - * i ,, 

Kynitb 

Nitro gl>cerme - - 24 o to 26.0 parts 

Wood pulp - - - 2 5 ,, 3 5 ,, 

Starch • • 32 5 >» 3 5 m 

Barium nitrate 3 ^ 5 »» 34 5 >> 

CaCo, - o ,, o 5 ,, 

Moisture - - - 3 o >> 6 o ,, 

Must be put up only m waterproof parchment paper, 
and No 6 electric detonator used 


Rexite 

Nitro glycerine - - 6 5 to 8 5 parts 

Ammonium nitrate - 640,, 680 ,, 

Sodium nitrate - - 130,, 160 ,, 

Tnmtro toluol - 65,, 85,, 

Wood meal - 3 o »» 5 o i» 

Moisture - • 05,, 14,, 

Must be contained tn waterproof case (stout paper), 
waterproofed with resin and ceresin — No 6 detonator 


Withheld Powder 


Ammonium nitrate 

- 88 to 92 

parts. 

Trinitro-toluol 

4 ff 6 

Flour (dried at loo* C ) 

• 4 ,. 6 

f f 

Moisture 

- 0 „ 15 

f f 


Only to be used when contained in a linen papei 
cartridge, waterproofed with carnaUba wax, paraffin'- 
No 7 detonator used 


I Phcenix Powder 

Nitro-glycerine - - - 28 to 31 parts. 

Nitro cotton - - - o ,, i ,, 

Potassium nitrate - - ■ 3 ® i» 34 >» 

Wood meal - - • • 33 >» 37 »» 

Moisture • • * - 2 ,, 6 ,, 
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Smokeless Powders 


Cordite 

Nitro-glycenne - 58 per cent +or- 75 

Nitro-cotton • - 37 ,, +or- 65 

Vaseline • - 5 ,, +or-- 25 

Cordite M.D. 

Nitro*gl>cerine - 30 per cent. + or - i 

Nitro-cotton- - 65 ,, -for-i 

Vaseline - 5 ,, -for -025 

Analysis of —By W Macnab and A E Leighton 


E C Powder 


Nitro-cotton - 

- 

79 0 per cent 

Potassium nitrate 

- 

- 4 5 »» 

Barium nitrate 

- 

- 7 5 

Camphor 

- 

- 4 I 

Wcx)d meal - 


• 3 ^ 

Volatile matter 

• 

I I 


Walsrode Powder 

Nitro-cotton • - - - 98 6 per cent. 

Volatile matter - 14 „ 


Kynoch’s Smokeless 


Nitfo-cotton • 

- 

- 52 I per cent 

Dinitro-toluol 

. 

* 19 5 

Potassium nitrate - 


I 4 

Banum nitrate 


- 22 2 

Wood meal - 


• 2 7 

Ash - - - 


• 09 

Volatile matter • 


• I 2 „ 


SCHULTZE. 


Nitro-ligrin - 
Potassium nitrate - 


- 62 I per cent. 

- I 8 

Barium nitrate 

. 

- 26 I „ 

Vaseline 

. 

4 9 »» 

Starch - 


" 3 5 »» 

Volatile matter 

• 

I 0 „ 

Imperial Schulfze 

Nitro-lignin - 
Barium nitrate 

- 

- 80 I per cent. 

- 10 2 „ 

Vaseline 

Volatile matter 

* 

• 7 9 

I 8 


Cannonite. 

Nitro cotton • 

Barium nitrate 
Vaseline 
Lampblack - 
Potassium ferrocyanide 
Volatile matter 


Amberite 


Nitro-cotton - 

. 

- 71 0 i:>er cent. 

Potassium nitrate - 

. 

I 3 »» 

Barium nitrate 


- 186 „ 

Wood meal - 


I 4 

Vaseline 

- 

* 58 


Sporting Bai lisi 1 pe 

Niiro glycerine - - - 37 6 per cent 

Nitro-cotton - • * • 62 3 „ 

Volatile matter • • *01 m 


- 86 4 per cent. 

5 7 

29 

I 1 

24 
I 3 


Cambritb No. 

3 . 

Nitro glycerine 

- 

24-22 pai 

Nitrate of banum 

- 

4 5*3 

Nitrate of potassium 

- 

29 26 , 

Wood meal (dried at 100 C ) 

35*32 

Carbonate of calcium 

- 

1 

Chloride of potassium 

- 

9-7 

Moisture ... 

- 

6-3.5 . 

Ammonite No 

I. 

Nitrate of ammonium 

. 

77-73 pai 

Tnnitronaphtbalene - 

• 

6-4 

Chloride of sodium - 

• 

S ->9 S . 

Moisture - 

• 

I-O , 


Super-Rippite. 

Nitro-glycerine- - • 53 ' 5 * parts. 

Nitro-cotton 4*2 

Nitrate of potassium • • <5 5 *> 3*5 >t 


Borax (dried at 100® C) • i 7 5 -t 5 S partSi 
Chloride of potassium - 97 ,, 

Moisture - ... 8-5 „ 

A 2 Monobel. 

Nitroglycerine- - I1-9 parts. 

Nitrate of ammonium - 61-57 ,, 

Wood meal (dried at 100* C ) 10-8 ,, 

Carbonate of magnesium - 15*05 

Chloride of potassium • 21 5-18 5 

Moisture - • - * 2-0 ,, 


Victor Powder 

Nitro-glycenne - - - 9 5*7 5 parta 

Nitrate of ammonium - 69 5-^ 5 ,, 

Wood meal (dnedat 100® C ) 9-7 
Chloride of potassium - 16-14 »9 

Moisture - • - ^ 2-0 
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Statistics or Exports and Imports of Ammunition, High Explosives, etc., 
FOR THE United Kingdom, ior the Years 1906 and 1910 

Exports. 



1906 

1910 

Material. 





Quantities 

Value 

Quantities 

Value 


Cwt 

L 

Cwt 

L 

Cordite and other smokeless propellants 

11,894 

172,864 

12,720 

172.399 

Gunpowder 

High explosives— 

65,241 

176,846 

71,788 

176,743 

Dynamite and other high explosives 

Small arms ammunition — 

149,035 

898,208 

143,931 

726,457 

Military * .... 

Sporting .... 1. 

} 84.575 

413,530 { 

11,454 

61,117 

82,840 

253,009 

Fuzes, tubes, primes, etc - 

1.253 

38,866 

1,478 

57,444 


Thouuinds 


Thousands 


Percussion caps 

Metal cartridge cases other than small arms 

281,064 

22,712 

326,397 

24,864 

ammunition— 

Cwt 


Cwt 


Filled ... ... 

10,122 

789 

103,342 

13,281 

134,803 

Empty • 

7.234 

2,094 

17,449 

Shot and shell • - 

Rockets and other combustibles, explosives, 

22,193 

110,430 

45,959 

163,340 

and ammunition, of natures not named 
above 


301,820 


407,254 

Total for ammunition 


2,245,852 


2,216,602 

Imports. 

Cordite and other smokeless propellants 

678 

10,824 

591 

8,641 

Gunpowder 

Hira explosives— 

Dynamite and other high explosives 

4,744 

10,915 

4,932 

10,934 

31,774 

121,571 

9 , ”7 

37.748 

Small arms ammunition — 





Military ... 

Sporting 

} 7.742 

50,002 1 

24 

7,507 

334 

44.562 

Fuses, tubes, primes, etc • 

1,943 

6,772 

2,006 

6.173 


i housands 


Thousa’' ds 


Percussion caps 

Metal cartridge cases other than small arms 

24,571 

2,241 

16,668 

1.962 

ammunition— 

Cwt 


Cwt 


Filled .... . . 

295 

1.538 



Empty .... 

354 

1,720 

, 


Shot and shell - • ... 

Rockets and other combustibles, explosives, 

4,22s 

21,185 

607 

2,209 

and ammunition, of natures not named 
above 


61,036 


47.658 

1 

Total for ammunition - • | 

1 


287,804 

... 

160,221 




The Imports and Exports of Explosives for the United Siates are given in the following Statistics 
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Lict of Principal Explosives used at Mines and Quarries in the 
United Kingdom under the Coal Mines Regulation Act, the 
Metalliferous Mines Act, and the Quarries Act, in 1909 


Permitted Explosives. 


Name of Explosive 

Quantity 

Used 

Percentage 

ofToUl 

Name of Explosive 

Quantity Used 

Percentage 
of Total 






Lbs 


Bobbimte 

Lbs 


Brought forward 

8.255.446 

970 

i,ii8,4S9 

*3 2 

Celtite 



38,639 

0.5 

Arkite - 

750,718 

88 

Amvis • 



34.564 

0.4 

Monobel 

739.*82 

87 

Geloxite 



30,527 

0.4 

Ammonite 

554 , 37 * 

65 

t Steelite 



29,840 

0 3 

Samsonite 

506,99* 

6 0 

Tutol • 



16,668 

16,382 

0 2 

Saxonite 

504, 146 

59 

Fracturite - 



0 2 

Rippite - 

485.058 

5 7 

Normanite - 



15.178 

0.2 

Roburite 

478,823 

56 

Dominite 



* 3,754 

0 2 

Westfalite 

444.770 

5 2 

Minite - 



9.576 

0 I 

Bellite - 

443.181 

5 2 

Cambrite 



9,435 

0 1 

Carbonite 

43 *, 72 * 

5 * 

Aphosite 



7.600 

0 I 

Stowile 

258,822 

30 

Swalite 



7,505 

0 I 

Faversham powder 

227,564 

2 7 

Dragonite - 

- 

6,050] 


• Ammonal - 

214,543 

2 5 

Amasite 

- 

4,000 



Albionite 

202,769 

24 

Kynite- 

- 

3.979 



Excellite 

176,235 

2 I 

Nobel ammonia powder 

1,900 



Rexite - 
Abbcite 

Permonite 

167,164 

120,106 

119,992 

2 0 

I 4 

X 4 

Raping ammonal 
Dahmenite - 

- 

445 

396 

122 

M7,ii8 

1 

aa 

Cornish powder 

99,079 

I 2 

Electronite 

- 

100 



Negro powder 

St Helens powder- 

62,566 

07 

Phoenix powder • 


50 



60,552 

07 

Bntonite 


40 



Oaklite - 

45 , 6 ^ 

0 5 

Withnell powder • 


20 



Kolax - 

42,835 

05 


■ 

i6j 



Carried forward • 

8.255,446 

970 


1 

8.502.232 

100.0 


* This includes the non-permitted ammonal, 
t Includes colliery steelite and non permitted steelite 


All Explosives 


Name of Explosive 

Quantity Used 

Percentage of Total 

Permitted explosives 

Lbs 

8,502,23* 

28 3 

Gunpowder - 

*7,595,475 

583 

Gelignite - ... 

3,085,329 

XO 2 

Blasting gelatine ' ' ' 1 

Gelatine dynamite - • I 

616,436 

2 0 

Cheddite - ... 

*23,531 

04 

Dynamite - ... 

117,260 

04 

Vanous • . . - 

5 *, 424 

0 2 

Total 

30,091,887 

100 0 


45 
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The manufacture ot photographic chemicals is a modern industry of great and 
rapidly growing importance 

We can only give m this place an account of the more important substances 
especially manufactured for photographic purposes. Chemicals which are widely 
employed in other industnes — such as sodium thiosulphate, salts of gold, silver, 
platinum, etc. — cannot be discussed here, since an account of these technically 
important salts will be given in the second volume of this work 


Statistics — The United States imported in 1910— Moving picture films, 12,830,000 Im. ft., of 
value $771,000 Photographic plates and other films, value $416,000. Photographic paper, value 
$762,000 


The American export of photographic goods is shown by the following figures . — 


1906 

$256,000 


1907 

1908 

1909 

$1,090,000 

1 $2,840,000 

$4,185,000 


1910 

$4,765,000 


The United Kingdom in 1913 exported 065,700 of photographic materials TYi^tmportm 
1913 was ;^2, 372,000 The value of the photographic materials (plates, paper, and films), pr^uced 
in Great Britain in 1907 was 909, 000 

Although exact statistics are at present unobtainable, the magnitude of the industry of photo- 
graphic chemicals may be gauged by the fact that one factory in England alone orders its potassium 
bromide in 30-ton lots, and that one company is the largest user of silver except a Government 
mint I The production of the biggest English photographic paper factories runs to mtUSi and of 
plates to cures per day. Many thousands of workers are employed in the industry 


CHEMICALS EMPLOYED IN THE MANUFACTURE OF 
PHOTOGRAPHIC PLATES AND FILMS 

Dry Plates. — The ordinary dry plate is a specially selected best quality thin glass sheet, 
covered with an extremely light-sensitive layer of silver bromide particles suspended in gelatine 
The glass, cleaned by automatic machinery by brushing and spraying with soda and water, is 
coated with a substratum consisting of a weak solution of gelaUne contaimng chrome alum, which 
causes the emulsion to adhere to the glass and prevents “finlhng,” then dried by hot air and 
coated with the sensitive emulsion by a special machine, dned m a special room, cut to the proper 
tise by machinery, examined for defects by red light, and packed. 

The Emulsion is made by adding a 20 per cent solution of silver mtrate to a potassium bromide 
solution containing gelatine A more concentrated solution will produce which reveals 

itself as a countless number of fine black particles of silver which are more or less evenly distributed 
throi^hout the emulsion when coated Negative emulsions usually have a small percentage of Kl 
added to the gelatine, while dispositive and “ gaslight ” paper emulsions consist chiefly of silver 
chloride with a very little bromide After mixing, the emulsion is “ ripened ” by keeping at 
a high temperature for some time, or by digesting at a lower temperature with ammonia, then 
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It IS cooled by ice until it sets to a jelly, forced by hydraulic pressure through small holes in a 
metal plate, and the threads thus produced washed free from the KNOg (formed thus . AgNOg^- 
KBrs=:KNOg + AgBr) When the emulsion has been prepared by the ammonium nitrate method 
It IS very important to free the shreds from ammonia According to Dr A B Hitchin, the nature 
of metals used for the forcing plate are of the utmost importance, any metals other than silver or 
pure nickel producing a fo^ in the emulsion The system of forcing the emulsion by pressure 
through the plate is now being replaced by the use of a large machine on the principle or a meat 
chopper, the whole being made of pure cast nickel The “ fastness ” of the plate depends upon 
the size of the grains of AgBr — the larger the grain the faster the plate. 

Collodion Wool is simply nitrated cotton, the manufacture of which is 
described on pp. 207, 624 

Collodion is its solution in a mixture of alcohol and ether, usually containing 
5 per cent of wool. 

The solvent rapidly evaporates in the air, leaving a skin It is used for making 
light-sensitive surfaces in the wet plate process, in the manufacture of silver bromide 
collodion emulsions, and for making light filters 

Celluloid IS used for the manufacture of films, cinematographic pictures, etc , 
also as a protective covenng for pictures, being for the latter purpose coated with 
an adhesive. For the manufacture of celluloid see p 208 

Cellite, or Cellulose Acetate, is used for the same purposes as celluloid^, 
although dearer it has the great advantage over celluloid that it is practically 
non-inflammable. For its manufacture see pp 216,210 

Gelatine is largely used for the manufacture of dry plates, and for making 
light-sensitive emulsions of silver halides For the manufacture and properties of 
gelatine see p 595. 

The ordinary dry plate is covered with an extremely light-sensitive layer of silver bromide particles 
suspended in gelatine The gelatine on the plate may be hardened after development by soaking 
in a solution of formalin or ofalum 

Albumen and Casein used in the manufacture of photographic papers. For 
manufacture and properties of albumen see p. 597, and for casein, p 79 


DYES USED IN THE PREPARATION OF PHOTOGRAPHIC 

PLATES AND FILMS 

Silver halides are most sensitive to blue and violet light rays, and least sensitive 
to red rays. Various dyes are used to render silver halides treated with them more 
sensitive to red, yellow, and green rays, so that the true colours are better reproduced 
in the resulting picture than would otherwise be possible 

The dye may be added to the sensitive emulsion either before pouring it on to the plate, or it is 
applied to the dry plate after manufacture by immersing it in a dilute solution of the dye and then 
allowing the plate to dry For example, in the case of cyanin dyes a solution containing i part 
dye 1 ,000 water is used, and 2-4 c c. of this solution is added to 100 c c of a mixture of 40 c.c. alcohol 
+ 60 c.c water. The plates are bathed in the solution for two to three minutes and then dried at x8®-24® 
for ten minutes — the whole operation being carried out in the dark. Plates which have been thus 
rendered almost equally sensitive to all the rays of the spectrum are termed ** panchromatic,” 
while those which are especially sensitised for green and yellow— very important for landscape 
pictures — are the so-called **orthochromatic” plates. 

When ortho plates are bathed in pinacyanol, the plate is hypersensitised, and exposure 
necessary reduced to one-fourth its original amount. The plate is immersed for ten minutes in the 
oath, which consists of i milligram of pinacyanol mice alcohol -f- 1,000 c c. H20-1-2 drops NHj 
Lumi^re’s autochrome plates give very beautiful results. The plates are prepared with a sensi- 
tive gelatine film and a multicolour light filter composed of blue, green, and red starch grains (see 
German Patents, 172,851 and 182,099), only one copy bemg at present attamable 

The screen of the Paget colour plate is prepared by giving it a preliminary coating all over 
with a collodion film dyea red. This is then coated with a resist in such a way that two-thirds of 
the total area it unprotected, and this is bleached out and dyed green So that at this stage the 
plate is covered with a senes of red and green lines, the latter being twice the width of the 
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former. A resist is again applied, but with its lines at right angles to those of the first, and the 
unprotected portions are bleached and dyed blue. The result is a very transparent and uniform 
screen firmly attached to the glass. Ommcolore and Dufay plates are well-known colour plates. 

The following are the most important dyes used as sensitisers — 

The Phthaleins — Of these erythrosin and eosin are widely used for 
rendenng silver bromide sensitive to yellow and green rays, and consequently for 
the manufacture of “ Ortho>chromatiC ” plates 

Monobromfluorescein is used as a green sensitiser for silver bromide 

Among the Rosaniline dyes we may mention that Ethyl violet and Formyl violet are used as 
red sensitisers of silver bromide collodion emulsions Akndm dyes are used to some extent as 
sensitisers for green and blue 

Among the Azo dyes used as sensitisers we may mention Benzonitrol brown (By), Dianil 
black R (M , L , & Br ), Glvcm red (By), Pluto black (By), Wool black 4B (Ag^) The dyes 
known as Alizarm blue bisufphite and Nigrosm D are used to some extent as r^ sensitisers. 


Quinoline Dyes 

Are now very important sensitisers (see p. 479). Among them we must mention * — 

a. Cyanines 

Cyanin (Lepidinquinohneamylcyammodide), a blue dye, quite useless for 
textile purposes on account of its fugitiveness, but used as a sensitiser for silver 
bromide plates where a panchromatic effect is desired It renders silver bromide 
sensitive to red, orange, and yellow rays, with a minimum of sensitiveness between 
E and F Its defects are a tendency to fog and speck the plate, accompanied with 
a diminution in its light-sensitiveness As a red sensitiser it has been displaced 
by isocyanmes, but it is still used for wet plates and for special kinds of work 
Vogel uses a mixture of this dye with quinoline red under the name ‘‘ Azalin ” for 
sensitising dry plates for green and yellow 

Ethylcyanm (Lepidinqumohnethylcyaninbroraide), being more soluble than cyanin, has been 
proposed as a substitute 

Dicyamn (prepared by action of KOH + atmospheric O on a-7-Dimethylquinolinium salts) 
sensitises silver bromide gelatine plates up to the red line a, with a strong minimal effect between 
E and F Used as a red sensitiser for scientific work, but the prepared plates are not very 
sensitive 


b Isocyanines 

Of these dyes the most important are — 

Hthyl red, or quinaldinquinohnethylcyanin iodide, which forms green crystals 
soluble m water and alcohol, with a violet-red colour In dilute solution (i 50,000) 
It sensitises silver bromide gelatine plates almost uniformly from the red (C) to the 
violet, with only a small minimum in the green It does not sensitise far into 
the red. 

Preparations of isocyanmes and similar dyes, which are sensitive further in the red, have 
been put on the market by Meister, Lucius, & Briining in Hochst-a -M , under the names 
Orthochrom T (which is p Toluquinaldin-/ Toluqumolinethylcyaninbromide), Pinachrom 
(which IS /-Ethoxyquinaldin-/'methoxyquinolineethylcyaninebromide), and Pinacyanol (which 
IS obtained by treating quinaldinium salts with formaldehyde, followed by alkali), the latter 
sensitising in the red up to the B line Pmaverdoi, produced by the same firm, is a green 
sensitiser for silver bromide collodion emulsions, and consists of /-Toluquinaldmquinolimummeth>l* 
cyaninbromide 

Fr. Bayer in Elberfeld also places several sensitisers on the market Among 
these we may mention — 

“Perikol/^ prepared by treating with alcoholic KOH the addition product 
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obtained from Toluquinaldm and the ethyl ester of Toluene sulphonic add, 
sensitises plates to a maximum between X-b59o and X — 560 /a/a. **Isokol” is 
a similar preparation. Homokol” is a mixture of quinoline red with an 
isocyanme dye. 

Some of Fr Bayer’s more mteresting patents are German Patents, 158,078, 170,048, and 
170,049, where the process of manu^eicture of a number of sensitising dyes are describe by acting 
with alkalis on the addition products of dialkylsulphates with qumddin and its homologues. The 
new colouring matters are stated not to fog or neck plates. 


Dyes used for Colour Filters and Similar Purposes 

Coloured screens or filters are an absolute necessity in many photographic 
processes, and a very large number of coal-tar colours are used for the manufacture 
of these colour filters, which may consist of collodion, gelatine, or aqueous fluids 
coloured with special dyes which only allow special wave lengths to pass, or which 
greatly dimmish the intensity of the actinic rays. 

The screens most widely used consist of glass plates covered with gelatine 
coloured with a suitable dye. 

For developing ordinary dry plates in the dark room the filters used consist 
of red dyes, and for bromide, yellow dyes. For very fast plates both yellow and 
red filters are used For panchromatic and colour-screen plates a faint green light 
is used 

Auramine O is very suitable, as it absorbs blue and violet, allowing red, green, 
and yellow rays to pass 

Tartrazin and Fast Red D (M , L , & Br ) are good red filters, so also is 
Chrysosulphite (Lumi^re), which is a mixture of magnesium picrate and sodium 
sulphite. 

Coxin IS also a very suitable red filter. 

The dyes used for colouring gelatme must be water soluble and free from other adjuncts such as 
dextrin, Glauber’s salt, etc etc , otherwise the gelatine will not dry clear The following dyes (among 
others) are used for colounng the gelatine — 

Auramine, Brilliant green, Crystal violet, Fucbsin, Methylene blue, 
Phenosafranin, Rhodamin (these also can be used for colounng collodion), 
also Acid green, Congo red, Naphthol green, Naphthalene green, Filter 
yellow. Rapid Filter red. Rapid Filter yellow (Meister, Luaus, & BruningX 
Patent blue, Tartrazin. 


LIGHT FILTERS 

The following light filters are recommended by Meister^ Luctus^ dr* Bnining^ 
the filters produced being toned for orthochromatic and panchromatic plates : — 

Light Filters for the Three-Colour Process 

Red Filter. — 2.5 g filter red I are dissolved m 100 c c warm water. 100 c.c. of 8 per cert 
gelatine solution are mixed with 4 c.c. of the colour solution and the whole filtered, and 7 c.c. of the 
gelatine used for every 100 c.c. 

Blue Filter. — 4 g. crystal violet are dissolved m 100 c.c. warm water and 5-6 drops of acede 
aad are added ; then 6 c.c. of coloured solution are added to xoo c.c. of 8 per cent gelatme solution, 
and the whole is filtered. 

Green Filter. — 2.5 g. tartrazine 4- 6 g. patent blue + 4 naphthol green dissolved in 400 c.c. 
water , 5 c.c. of colour solution are then added to 100 c.c. of 8 per cent gelatme solution and the 
whole filtered. 

Time of exposure with orthochromatic plates is blue : green : red :: i : 3 : 6. 
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Light Filters for the Additive Three-Colour Prints 

Red Filter. — 4 g tartrazine h- 7.5 g. filter red II in 150 c c. water. Add 7-8 c.c. of this solution 
to 100 C.C. of 8 per cent, gelatine solution and filter 

Blue Filter. — 3 e. crystal violet + 1 g methylene blue (free from ZnClJ + 100 c.c. warm water 
+ 6 drops acetic acid Add 7-8 c c. of this coloured solution to 100 c c. 8 per cent, gelatine solution 
and filter. 

Green Filter. — 6 g. tartrazine + i g. patent blue + 2 g. naphthol green + 180 c.c. water 
8-9 c.c. of coloured solution is used for 100 c.c of 8 per cent gelatine solution 

Times of exposure for orthochromatic plates are blue green redsi : 5 :8; for panchromatic 
plates 1 :4*3* 

To make the dry filters 7 c.c. of the coloured gelatines made as above described 
are poured over every 100 sq cm of plate surface and allowed to set, then two 
coloured plates are taken together and fixed with Canada balsam. 

In the three-colour photographic process such dyes as Auropbenin or 
Naphthol yellow S, Erytbrosin, Diamine pure blue or Fast bluish 
green are used to colour the partial pictures 

FLASHLIGHTS 

Powdered magnesium was introduced as a flashlight in 1887 Since then many 
other flashlights have been introduced — usually by mixing the magnesium with an 
oxygen-rich substance Many of these preparations are very explosive, and must 
not be blown into a flame AVe may notice the following recipes — 

1 2 parts Mg powder 3 parts powdered potassium permanganate 

2 15 parts Mg powder 4* 30 parts KCIO3 + 5 parts antimony sulphide, finely 
powdered and mixed dry Explosive, so must not use a mortar 

3 Smokeless flashlight mixtures giving an intense light consist of magnesium 
or aluminium powder + nitrates of rare earths (thorium, zirconium) See 
German Patent, 158,215 , see also English Patent, 27,267 (1904), where rare earths 
are added to Mg or A 1 flashlights Fr Bayer & Co. (German Patent, 136,313) 
place a number of excellent flashlights on the market , they appear to consist of 
Mg + manganese peroxide, to which are added bodies like Sr(N08)2, which yield a 
coloured flame. See also English Patent, 27,466, 1904 Such mixtures are 
termed ortho- or panchromatic flashlights, since they give out orange rays in 
addition to the blue or Molet rays emitted by the ordinary mixture Other pro- 
posed mixtures are . of Mg powder -H silica + bone acid (German Patent, 101,528), 
A 1 powder -H KClOg (German Patent, 101,735), Mg powder + red phosphorus 
+ peroxides Very powerful photo effects are obtained by adding cadmium nitrate 
in quantity equal to magnesium powder Zinc nitrate also is used 

Time Lights do not flash, but burn slowly, an effect attained by adding to ms^esium (some- 
times mixed with aluminium) powder bodies such as carbonates, silicates, or oxides of the alkaline 
earths — e SrCOj Bayer (German Patent, 165,259) proposes Mg or A1 powder 4- NaaW04, 
or WOg, as a smokeless time light Novak proposes Mg powder 4 cerium nitrate 4* SrCOj as a 
smokeless time light 

Kreb’s panchromatic time lights give out coloured rays, thus enabling the taking of photo- 
graphs of objects by colour sensitive plates without the use of a yellow light filter. Eflectnc 
metallic filament lamps are also used now 

DEVELOPERS 

We can give here only a bnef mention of some of the more important reducing 
substances used m the manufacture of developers 

Iron Oxalate is one of the oldest developers, and is still used to some 
extent — usually in the form of two solutions, I and II , I. consisting of 300 g. 
neutralised potassium oxalate in 1,000 cc. of w^ater, and II. of ferrous sulphate 
solution (100 g FeS04 4-3oo cc water 4-5 drops concentrated HjSOJ. For use, 
3-4 parts of I. are used with i of II. 
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Developers derived from Monobydric Phenols 

OH 

Paramidophenol, (^ • 4)» produced by reducing ^-nitrophenol with 

tin + HCl. Colourless crystals, M P. 184*; forms a crystalline hydrochloride, 
OH.CeH4.NH2 HCl. 


** Rodinal” contains /-amidophenolbydrochlonde “ Unal” is rodinal m a solid form 


Monomethylparamidophenol, CeH4(OH)(NHCH8), 1*4, is prepared by 
methylating /-amidophenol 

It IS an excellent developer, giving results free from stain It is known as “scalol ” Two 
solutions are used : (A) Scalol,*’ i.$ g + hydro-quinone, 3g +sod sulphite (crystals), 28 g +KBr, 
o 25 g +H 80 , 284 cc ; (B) NagCOs (crystals), 30 g +H 80 , 3CX) c c. Use equal parts ot 
A and B. 

“ Metol IS the sulphate of this body. The developer “ Satrapol ” also contains it Metol works 
exceedingly rapidly Stock solution . 15 g metol+150 g cryst sod sulphite + 75 g K2CO3 + 2 g. 
KBr+ 1,000 c c. H9O 

“ Metolhydroquinone ** developer, now widely used, consists of the two solutions . (A) 2 g metol + 
3 5 g. hydroquinone + 4 g NaaHP04 + 400 c.c H2O + 2 c c. sodium sulphite solution (i . 100) 
(B) 40 g. K2COS+400 c.c. HgO For use mix equal parts of A and B 


Diamidophenol, CqH8(OH)(NH2)(NH2), 1:2-4, is prepared by reducing 
with Sn + HCl 1.2. 4-dmitrophenol , forms salts with HCl and H2SO4 

“Amidol” consists of 20 g diamidophenol sulphate or chloride + 200 g cryst sod sulphite 
+ 1,000 c c H2O. Solution will not keep Best developer lor bromides and gaslight papers 
Valenta proposes acetonesulphite+diamidopnenol hydrochloride as a powerful developer 


^Amido-saligenin, C(jHg(CH20H)(0H)(NH2), i 2 3, m the form of its 
hydrochlonde, occurs as an easily soluble white powder, similar in properties to 
amidol, but having the advantage of allowing very concentrated solutions being 
formed 

“Edmol” (made by Fr Bayer, Elberfeld) consists of 5 g /-amido-saligenm + 7 5 g acetone 
sulphite + 30 g. KOH + 05 g KBr+ioo cc H^O Edinol-hydroquinone developer consists of 
2 g /-amido-saligenin + 1 g hydroquinone + 5 g acetone sulphite + 30 g. cryst. sod sulphite + 30 g 
K2COS+ 150 c c. HaO 


Diamido-oxydiphenyl, m the form of its sodium salt, is used in a manner 

< ONa(i) similar to ‘‘Rodinal.” Placed on the market under the 

. name “ Diphenal ” by Cassella & Co 

j ^«9 v4) 

CeH4.NHa 

/^-Oxyphenylglycocoll, C8H.(OH)(NH CHg COgH), t • 4, is manufactured by 
heating/ amidophenol, C5H4(OH)(NH2), with monochloracetic acid, CHgCl.COOH, 
m aqueous solution. 


Used as a developer, it gives pure black tones and keeps well It is placed on the market as 
“Glycin” Stock solutions are* 5 g. glycm + 25 g cryst sod sulphite +100 cc H30-f2S g. 
KaCOs Another good keeping solution is 2 g glycine + 800 c c H2O (recently boiled) + 2 g 
cryst sod. sulphite + 15 g KaCO* It is used chiefly for stand development because it docs not 
produce chemical fog by long action 
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Methylorthoamidoi>henol, C,H4(OH)(NHCH8), 1.2, 2 molecules of 
which, combined with i* molecule of hydroqumone, forms the basis of the 
excelknt developer “ OrtoL” 

Two naphthalene compounds are used as developers — 

Sodium ai-amido-/?i-naphthol-/08*sulphonate, CjoH5(OH)(NH2)(S08Na), a 
good developer if used at 20" C or a little below It forms the basis of Eikonogen 
One of the best developers for plates which have received very short exposure 

Hydroquinone-eikonogen developer consists of two solutions, A and B . (A) 100 g cryst sod 
sulphite +16 g. eikonoger+4 g nydroquinone + 900 cc boiling water, (B) 40 g K^COj^ 
200 c c H3O For use, 40 c.c of A are added to 180 c c B, together with 3 drops 10 per cent. 
KBr solution 

Sodium amidonaphtholdisulphonate» CioH4(NH2)(OH)(S08Na).2. which 
forms the basis of the developer “ Diogen ” 


Developers derived from Dihydric Phenols 

Hydroquinone, C^H^(OH)o, i 4, is a developer much used by amateurs, 
giving strong hard negatives of a bluish black tone 

The best preparation occurs as yellowish crystals, and is obtained by recrystallising the commercial 
product in the presence of SO2 The stock solution consists of 5 g hydroquinone + 40 g cryst 
sod sulphite + 0 5 g KOH + 150 cc HgO It is frequently combined with other developers 
See Edinol, Eikonogen, Metol 

Monochlor and Monobromhydroquinones, C 8 H 3 C 1 ( 0 H )2 and 
C8H8Br(OH)2, are now used as developers under the name ‘‘Adurol” (see 
German Patent, 111,798) 

Monochlorhydroquinone is obtained by leading Cl gas through hydroquinone dissolved in 
benzol, while the bromo derivative is obtained by adding a solution of Br in benzol to a hydroquinone 
benzol solution, evaporating the benzol and crystallising from ligroin 

“ Adurol’’ developer consists of the stock solutions (A) 10 g adurol + 80 g 
cryst sod. sulphite + 500 cc H2O, (B) 60 g KgCOg + soo cc HgO One part 
A, one part B, and one part H2O are taken to develop Adurol comes between 
hydroquinone and the “rapid developers” (metol, rodinal, etc) in properties It 
does not turn brown by oxidisation in air, and so may be repeatedly used 

Pyrocatechol, C8H.(OH)2, I : 2, has been proposed as a developer, and under 
the name “ Kachin ” has been placed on the market 

Resorcin, C6H4(OH)2, I 3, is of no use as a developer. ^ Two amido 
derivatives of it, however, are used for this purpose, namely, Diamidoresorcin, 
(4 6) (I 3 ) 

C5H2.(NH2)2(0H)2, and Triamidoresorcin, C(,H(NH2)3(OH)2 (“Reducin”). 


Developers derived from Tnhydric Phenols 

Pyrogallol, QH8(OH)8 (1.2 3), is the basis of most of these Pyrogallol 
developers work rapidly, but have the drawback that they stain the fingers, are 
poisonous, and do not keep well 

Pyrotoda Developer.— -Stock solutions ; (A) 10 g pot. metabisulphite + 83 g pyrogallol -h 13 g. 
KBr -I- water up to 1,000 c c ; (B) 100 g. Na^Og + 100 g Na^COs -f HgO up to 1,000 c c For 
use mix I part A with I part B and i part H3O 



66o 


INDUSTRIAL CHEMISTRY 


Pyropotash Developer.— Stock solutions * (A) 25 g cryst. Na9SOj+ 100 c.c. 10 g. pyro* 
gallol + 3-4 drops H9SO4 ; (B) 45 g, KjCOj-h 12.5 g. in 100 HgO. Use 3 c.c. A and 3 c.c. B 

with 100 c c. HaO 

Pyrometol — Stock solutions. (A) 5 g. inetol+14 g. pot metabisulphite-f 6 g. p^ogallol + 
2 g. KBr+HaO up to 1,000 c c ; (B)"200 g NaaCOa+x,ooo c c. HgO. Use equal quantities 
of A and B. Gives a good pnnting yellow negative 

“ Pinakol P ” is an excellent developer made by replacing in the pyropotash 
developer the alkali by half the equivalent amount of sodium amidoacetate, 
CHgNHg COONa. Developing with “Pinakol P ” gives stronger, clearer, and more 
rapid results than the old pyro developers , moreover, it does not stain the fingers 

Pinakol Salt N is a 20 per cent, solution sodium amidoacetate, CH^NH^ COONa. It is used 
for replacing alkali in organic developers since it docs not affect the skin of the operator and the 
gelatine film in the unpleasant way that alkali does ; moreover the results attained are superior to 
those of soda and potash 

Acetone bisulphite, acetone-sulphite Bajer,** is now largely used as a substitute for sodium 
or potassium bisulphite in developers. It is antiseptic, a restrainer for rapid developers, a clearing 
agent for fixing baths and developing papers, and is used also for darkening the negative after the 
use of mercury intensifiers. 


FIXING, TONING, AND COMBINED BATHS 

Sodium Thiosulphate, NaaS^Og-f- 5H2O, is now practically the only fixing salt 
used The fixing occurs according to the equation — 

2AgBr + Na2S203 => AggSgOg + aNaBr; 

the AgjSjOg then combines with the excess of NagSgOg to form the soluble 
double salt AggSgOg 2X028205 

The thiosulphate may be used in neutral solution (i 4 HgO) but is best used in 
acid bisulphite fixing solution, and sometimes alum is added (to harden the gelatine) 

The following are well-known gold toning baths — 

Ordinary Tonu^ Bath — (A) 4g borax m 1,000 c c. HgO ; (B) 4 5 g. anhydrous sodium acetate 
m 1,000 cc HgO ; (Q I g gold chlonde in 50 c c HgO UseS-ioc.c. ofC-kiooc.c. A-l- 100 c c B. 

Neutral Toning and Fixing Bath.— 250 g sodium thiosulphate + 20 g lead acetate -l-io g. 
calcium chlonde + 0 4 g gold chloride -I- 1,000 c.c HgO 

Acid Toning and Fixing Bath — 250 g sodium thiosulphate -f 25 g ammonium sulphocyanide 
f 10 g lead acetate + 5 g citnc acid + 0 4 g gold chlonde + 1,000 c c. HgO. 

Platinum tonmg baths are also used, the basis bemg PtCli or PtClg, which reacts with Ag salts 
thus 4 Ag + PtCl4 = 4 AgCl + Pt. 

Palladium Chlonde, used as a toning bath for silver pictures, gives beautiful brown tones. 

Sodium Thiosulphate Destroyers.— A lengthy washing is required to 
remove the last traces of sodium thiosulphate, and the durability of the print largely 
depends on its complete removal. Consequently attempts have been made to find 
substances which rapidly destroy the last traces of thiosulphate. The best known 
substances are Anthion « potassium persulphate, Thioxydant Lumiire** am- 
monium persulphate More recently pcrcarbonatcs, perborates, and perman 
g^anates have been suggested 

Bayer’s “ Hypo-destroyer ” = persulphate + percarbonate. “Antihypo” is potassium percar- 
bonate lo g. are dissolv^ in 1,000 c.c. HgO and the plates and paper, after rinsing, are immersed 
for a few minutes after which only a short nnsing is necessary. A great time-saving is thus 
effected 
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REDUCERS AND INTENSIFIERS 

Reducers are chemicals which act by dissolving the fine silver particles A 
large number of such substances are known, bemg oxygen-nch substances such as 
chromic acid, mercunc nitrate, feme-, manganic-, cenc-, and titanic-salts, per- 
sulphates, eta 

Farmet^s reducer =ioo cc. sodium thiosulphate solution 1:4-1- 8 cc of a 
10 per cent potassium femeyamde solution. This destroys the fine middle tones, 
and so mcreases the contrasts. AmmoniunDi persulphate reducers dimmish 
the contrasts by actmg on the darker parts of the plate. Cerium sulphate makes 
a very uniform reducer 


Intensifiers are used to increase the density of thin negatives, and bring out 
the contrasts better The mercury intensifying’ process consists in treating 
the negative with a solution contaming 2 per cent, mercuric chloride + 2 per cent. 
KBr. When the negative is grey it is removed, rinsed, and immersed in a 1 2 per 
cent, solution of sodium sulphite, when the negative becomes black again 
2Ag -H 2HgCl2 - 2HgAgCl2, then 


4AgHgCl2 + yNajSOg + xNa^SO# « Agg -l* Hg -h Ag2S03 xNagSOg 
-1- 3HgNa2(S03)2 + 8NaCl 


The uranium intensifymg process requires two solutions (A) i g uranium 
nitrate +100 cc H2O ; (B) i g. potassium femeyamde + 100 cc. HoO For use, 
50CC A+iicc acetic acid 50 c c of B are mixed Other intensifying solutions 
used are • CUSO4 + pot femeyamde + pot. citrate, and Hgig + Na2S03 Intensifiers 
containing bichromate are also used 


PHOTOGRAPHIC PAPERS 

An enormous number of these exist . we may class them into — 

1 Printing-out Papers — The pop papers are still made (although 
developing papers are said to be rapidly supplanting them) and usually employ 
silver chloride as the sensitive substance Four well-defined groups of papers 
are manufactured, (a) Albumen papers m which the ground is albumen and 
the sensitive substance silver chloride (b) Silver chloride gelatine paper; 
here the ground is gelatine and the sensitive substance silver chloride {c) Silver 
chloride collodion papers (d) Silver chloride casein papers give good 
results and resist high temperatures Direct printing platinum papers are also on 
the market 

On exposure to light the chloride is converted to a ** pholo-chloride,” AggCl, ol a purple or 
reddish colour, and stated to be an adsorption compound of silver chloride and silver, of variable 
composition. After the paper has been printed the colour of the deposit is modified by immersion 
in a bath containing a gold or platinum salt, associated with a weak reducer, so that metall c gold 
or platinum is precipitated (“Toning”) The unused silver chloride, AgCl, is then dissolved out 
by thiosulphate (“ Fncing ”), which only slightly attacks the photo-chloride 

2 Developing Papers — These may also be grouped into five classes, 
namely (a) Silver bromide papers consisting of an emulsion of silver bromide 
+ gelatine ; used for pnnting and enlargements, very sensitive and must be worked 
in a dark room (b) Silver chlorobromide papers can be used for pnnting in 
ordinary shaded daylight or by gaslight, (r) Silver phosphate papers may be 
printed in weak daylight or by gaslight When developed they give pop. effects 
(i) Platinum developing papers give excellent results {e) Pigment papers 
are covered with chromgelatine, which under the influence of light becomes in 
soluble in hot water. As any pigment can be mixed with the gelatine very beautiful 
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coloured results axe obtainable. In the bropoil process the bleached bromide print 
IS worked up with special inks. 

The chief difference between emulsions for development papers and those for plates is that 
paper emulsions are of a much lower sensitiveness (finer gram), and contain a larger proportion of 
silver to gelatine, the coating being thin so as to keep the image on the surface of the paper. The 
colour of the image obtained depends upon the sire of the grain, and developers can be used by 
which the silver is deposited in a very finely divided state, almost approaching to colloidal solution. 
By the admixture of such fine gram silver with larger grams, vanous tones can be obtained upon 
development. The papers, which are^ sometimes faced with BaSO^, are manufactured by passing 
through a trough containing the emnlsion The paper is not actually dipped under the surhice of 
the emulsion in the coating trough, but ^hc paper is carried around a roll under tension, and the 
emulsion is beaded on to the paper In other words, the paper lightly touches the surface of the 
emulsion m the trough, the beading being a capillary action ; then over a cold roller to set the 
gelatine, then hung up in loops in a long dr^ng chamber, through which it slowly travels, 
emerging dry after about two and a half hours It is then rolled direct and cut. Surface*coated 
papers without gelatine, such as platinum papers, are dried almost instantly on a short machine 
by hot air, and do not require the elaborate hanging and slow drying arrangements used for 
gelatine coated papers 

Acknowledgment — My best thanks are due to Mr S Allen for expert advice 
and many suggestions. He kindly revised the proof sheets of the above article. 
Also to Dr Alfred B. Hitchin for suggestions. 
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Historical Survey 

The smoking of the leaves of the tobacco plant may be definitely stated to be of American origin, 
and It IS thought that at first it probably was a religious rite Many attempts have been made to 
prove that the custom was practised by the ancient Egyptians, the Greeks, and Romans, and in the 
East generally, prior to the discovery of America, but it has been conclusively shown that the herb 
smoked was not tobacco, but generally coltsfoot During the seventeenth century, when the use 
of tobacco was spreading over Europe, smoking was prohibited in India, Turkey, and Persia, under 
penalty of death, and from this process of elimination we return to the known fact that smoking was 
everywhere practised by the natives when America was first discovered to Europeans Fairholt, 
in his work on the “ History of Tobacco,” states that it was in the first week of November 1492 
that Europeans first noted this Indian custom on the island of Cuba The first clear account of 
the practice is given by Oviedo in his “ Historia General de las Indias,” published in 1526 In the 
West Indian islands the natives smoked rolls of leaves, something like our modern cheroots, but 
on the mainland a hollow Y shaped nose pipe, called a “ Tobago,” was used The herb itself was 
named “ Appowac ” 

Though well known to Columbus and all the Europeans subsequently visiting America, the 
herb was only introduced into Europe about 1560 by Hernandez de Toledo, a physician sent by 
Philip II of Spam to investigate the products of Mexico About the same time Jean Nicot 
introduced it into France, and about 1586 Ralph Lane, one of Sir Walter Raleigh’s lieutenants, 
first brought it to England So rapidly did the practice spread, that early in the seventeenth 
century it was fiercely assailed, James I raising the duty on tobacco from 2d to 6s lod per 
pound. This advance of 4,000 per cent , however, only applied to colonial-grown tobacco, Spanish 
and Portuguese tobacco being imported for many years at the 2d duty, also the leaf began to l^e 
cultivated in England to evade the tax , but in 1621 James passed a measure prohibiting its 
cultivation, as to do so would “ misuse and misemploy the soyle of this fruitfull kingdom.” The 
smoking of tobacco was never directly prohibited la England, as in many countries 

Statistics — In 1913 the total imports of tobacco and cigars into the United Kingdom 
amounted to 165,365,925 pounds, 34 million pounds of which was manufactured Of the 162 
million pounds of leaf imported, 142 million pounds came from the United States 

Growth and Curing 

The smoking tobacco of commerce is the dried and prepared leaves of some 
three species of the genus NtcoHana^ natural order Solanacece (Deadly Nightshade 
family). 

A very large number of species are known to botanists, but only three are of 
commercial importance— iabacutn^ N, rustua, and N. persica, 

46 
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Ihe first of these, the original American plant, is by far the most important. The fomihai 
tobacco plant of English gardens, N, aMms^ is not cultivated for smoking purposes. Over 
seventy varieties of Jvi tabacum are mentioned by Kilhbrew and Mynck as being cultivated in the 
United States It is now grown in many parts of the world, and provides about seven>eighths of all 
the tolmcco consumed. N. rustua is cultivated m Europe, Asia, and Africa, and grows wild (as a 
perennial) m certain parts of Mexico. It is a hardier plant than N, tabacum^ with small oval 
leaves, attached to the parent stem by means of a stalk. Turkish, Syrian, Hungarian, and Latakia 
varieties are from this species. N perstca is usually found in Persia. It gives nse to an exceed- 
ingly mild vanety of tobacco known as Shtraz, 

Although a perennial, tobacco is raised from seed annually. 

The plant {N tabiuum) grows from two to nine feet high, according to variety, with wide 
spreading leaves, ovate or lanceolate in form. The leaves, which at their base enwrap the parent 
stem, forming the familiar “spur*’ at the butt-end of the dried leaf (distinction from rusttca)^ 
are alternately attached to the stalk spirally, so that the ninth leaf overhangs the first. The floivers 
are in large clusters, usually of a pinkish colour The leaves and stalks are covered with soft, 
downy hair. 

Tobacco flourishes in a temperate climate, the best soil being alluvial or light 
loam, with plenty of potash 

From expenments conducted by the United States Department of Agriculture 
(Dr W W Gamer and others) it is shown that fertilisers have a very marked 
influence on the plant, especially on the composition of the ash, and consequently 
upon the combustibility, which depends largely upon the nature and state of com- 
bination of the inorganic constituents Potash, and magnesia m small quantity, 
improve the “bum**, lime, also in moderate quantity, is beneficial, and tends to 
whiten the ash Chlorine and sulphates inhibit the bum, and for these reasons 
potassium sulphate and stable manure are not very satisfactory manuring agents, the 
latter imparting too much chlonne to the tobacco The bad effect of chlorme would 
seem to be neutralised by an excess of potash. It is usual to bum brushwood on 
a field to be used for tobacco growing, afterwards digging in the ash (See Kilhbrew 
and Mynck, “Tobacco Leaf**, W W Garner, “The Relation of the Composition 
of the Leaf to the Burning Qualities of Tobacco,** Dept, of Agnc., Washington, 
1907 , Henry and Auld, Bull Imp, Inst ^ 1910, 8, 142) 

Heavy manunng of tobacco lands with suitable fertilisers is essential to the growing of good 
crops, otherwise the ground becomes exhausted, and as the main period of growth lasts only for ten 
or twelve weeks in the summer, the plant food must be in a more available form than would be 
necessary with crops of a more extended penod of growth Consequently heavier and more care- 
ful manunng is required in northern districts than in those where the summer lasts longer, in order 
that the plant may reach maturity. 

Very few plants are as susceptible to culture and climatic conditions as tobacco 
It has been stated that leaf grown from seed of the fine textured Cuban cigai 
tobacco, planted in the more northern parts of the United States, in a very few 
generations becomes changed to a thick textured tobacco totally different from the 
Cuban leaf, even when every care is taken to prevent cross-fertilisation, to which the 
different varieties of N, tabacum are particularly prone So prone, indeed, is the 
plant to cross-fertilisation, that in order to keep a desirable variety from detenoration 
It is essential that no two varieties be grown on the same farm 

By the operation of these three variants — soil, climate, and cross-fertilisation — hundreds of 
modifications have been secured Cross fertilisation between totally different vaneties is often 
resorted to in order to improve the stock Some of Darwin’s classical experiments were done on 
tobacco 

With the above reservations, the actual growing of tobacco is an ordinary agri- 
cultural operation. 

Only from eight to ten leaves are allowed to mature on the plant, and generally it is “ topped,” 
f ^ , the fiowenng stem is removed before the flower appears* Suckers must suso be removed as 
they appear 

The curing and fermentation or sweating of tobacco are processes requiring 
much knowledge and expenence, and great technical ability. The methods 
employed vary in different states and with different varieties. In brief outline the 
general process is as follows i— 
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When the crop is ripe the plant is cut down, carefully laid on the ground, and 
exposed to the heat of the sun until it becomes wilted and flaccid. In some 
districts the leaves are harvested separately as they ripen, and some vaneties of 
leaf require to be taken to the curing barns with the least possible delay. Too long 
exposure to the sun after being cut injures the crop, so a hot cloudy day is generally 
chosen for the harvesting. Whichever method of harvesting is adopted, the crop is 
ultimately placed in specially constructed drying sheds, where it is either air-dned 
(“sun-cured”) or dned by heat equally distnbuted through the shed by means of 
flues. Some varieties of tobacco are dried by means of open fires of sassafras and 
hickory wood, the smoke being allowed to pass among the hanging leaves, imparting 
to the tobacco an odour somewhat resembling creosote During this process there 
is a decr^se in the dry matter of the leaf, as well as in the moisture The starch 
is turned to glucose (which latter is finally dissipated as carbon dioxide, water, etc , 
in the later process of sweating or fermentation). At this stage there is no loss of 
nitrogen, though the albuminoids are split up into asparagine and other amides. 
These changes are sometimes stated to be merely due to drying and oxidation, but 
Frear (“Tobacco Leaf”) has shown that, although not due to micro-organisms, they 
are the result of life action, as the changes only occur while the protoplasm of the 
leaf cells retains life If the leaf be frozen or chloroformed the protoplasm is killed, 
and no normal curing can then be effected The control of temperature during 
curing is very important. 

T!ie following methods, employed by Mr R L. Ragland, of Virginia, is given as an example — 

1 The “ sapping ” process. As soon as cut the tobacco is put under a temperature of 90*^ F for 
three hours, then the temperature is advanced rapidly to 125* F , or as high as the tobacco will 
stand without scalding After a few minutes the temperature is allowed to fall to 90® again This 
opens the cells and allows the water to come to the surface 

2 The yellowing process, requiring 90® for from four to eight hours 

3 Fixing the colour, requiring from sixteen to twenty hours at a temperature ranging from 
100® F at the beginning to 120® F at the close 

4 The curing process, requiring a temperature of 120®- 125® F for forty-eight hours 

3 The curing of the stalk and stem, requiring from nine to ten hours, with a heat of 125®- 
*75* F , increased at the rate of 5® an hour. 

On the first ensuing damp day after the leaves have become dry and brittle, air 
ts freely admitted to the shed, when the tobacco absorbs sufficient moisture to 
become pliable It is taken down from the tiers of poles upon which it has been 
hanging, stripped from the parent stem, if this operation has not already been 
performed, and graded. The slightly moist tobacco is heaped together in piles 
on the floor of the barn, the temperature rises, and the tobacco is said to “ sweat ” 
or “ ferment.” When the temperature reaches 130® F the pile is reformed, with the 
leaves in the centre which were formerly on the outside 

By cooling the vapours given off during the fermentation, M Betting {/SC/, 1910, 520) 
obtained a strongly alkaline liquid of sp gr a 0998 at 27 5® C , in which the presence of ammonia, 
nicotine, ethyl alcohol, and acetone were delected 

The precise nature of the fermentative process has been much discussed. 

Following Nessler {** Der Tabac,’' 1867), it is generally stated to be due to bacteria. Behrens 
<“ Ccntralblatt f\lr Baktenologic und Parasitenkunde,” ii, 1894, p 335 seg ) endeavoured to 
ascertain the changes which occur during sweating He found the loss of dry matter to be from 
2 5-5.6 per cent , chiefly of soluble carbohydrates, and some organic acids Although there was 
no diminution of total nitrogen (but see Garner, quoted below), one-third of the nicotine disappears, 
and there is a loss of nitrate nitrogen He l^licved these changes to be due chiefly to the action 
of anaerobic ferments Jensen {/SCI, 1908, 1 181), and Boekhout and de Vries {/SCI, 1909, 
1277), deny that this view is correct, and state that the process is of a purely chemical character 

During the processes of curing and sweating, the tobacco attains the familiar 
rich brown colour. The objectionable albuminoids are broken down, about one» 
fourth of the nitrogenous constituents disappearing, ammonia being liberated in 
appreciable amounts, and excess of free or loosely combined nicotine eliminated, 
(W. W. Gamer, “The Relation of Nicotine to the Quality of Tobacco,*^ 
Washington, 1909, Bernardini, /.*S C./., i 9 iS> 
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Constituents of Tobacco Leaf 

When first cut down the tobacco plant contains 85-95 per cent of water, and 
even as imported the so-called dry leaf contains from 13 20 per cent, of moisture, 
normally about 14 per cent. 

Nicotine (C10H14N2) is the actiye principle peculiar to tobacco. It occurs combined with 
malic, citric, ana other organic acids, and also in unfermented or insufficiently fermented tobacco, 
in the free and loosely combined state (W. W. Garner). It was discovered by Passelt and Reiman 
in 1828, Its constitution first determined by Pinner, and it was prepared synthetically by Pictet, 
who confirmed its constitutional formula in 1904 

Pure nicotine is a colourless oily liquid, with a sharp burning taste, and a faint ethereal odour 
On exposure to air it becomes brown, and acquires the strong pungent odour of tobacco It is 
freely soluble m water, alcohol, and the usual organic solvents It boils at 247*0 (with decom- 
position), but may be distilled in a stream of hydrogen or in a current of steam, or under reduced 
pressure. Its specific gravity at I 5 ®C is I on, and it is optically active, the naturally occurring 

20 

alkaloid being Ixvorotatory, [a] -161.55*. A method of estimation based on this fact has 

been devised by Degrazia ( 7 ' 5 . C. / , 19 1 1 , 506). Chemically, it is / 3 -pyridyl-N -methylpyrrolidine : — 



It IS a strong base, forming salts with both organic and inorganic acids. It is an excessively 
poisonous substance, six milligrammes having been suggested as probably the fatal dose for an 
adult {A Wynter Blyth) 

It affects the nervous system, increases the activity of the secreting glands, and causes con- 
striction of the blood vessels It first raises the blood pressure, then diminishes it, and contracts 
the walls of the stomach, causing nausea and vomiting Convulsions usually occur, death resulting 
finally from paralysis of the central nervous and respiratory systems 

In cases of poisoning by nicotine the stomach is evacuated and tannic acid given, which, being 
an astringent, inhibits absorption, and in addition forms an insoluble compound Stimulants such as 
caffeine and strychnine then follow 

It has been used medicinally on rare occasions as an antidote to strychnine poisoning, and in 
tetanus 

Nicotine salicylate is said to be sold under the trade name of Etider mole as a parasiticide, 
chiefly used as an ointment 

The salts which nicotine forms with non-volatile acids (malic, succinic, citric, oxalic, sulphuricV 
are themselves more or less non-volatile and insoluble in petroleum ether, whilst the salts formed 
with volatile acids (acetic, hydrochloric) are volatile and soluble in petroleum ether Nicotine is 
readily removed from petroleum ether extract by agitating with aqueous sulphuric acid, the nicotine 
sulphates formed being soluble in water, but insoluble in petroleum ether. 

Uses — The chief use of nicotine and its preparations is as an insecticide in horticulture, a 
solution in water of o 075 per cent strength being a most efficient spray for the destruction of 
certain insect pests infecting plants, while it has no equal as regards its power of destroying the 
sheep scab mite and certain other animal parasites {Edwards- Ker^ “ The Growing of Tobacco for 
Nicotine Extraction,” S E. Agric. Coll , Wye, Kent) For this purpose it is prepared by allowing 
water to percolate through hoppers filled with waste tobacco, the extract made alkaline, and 
distilled in a current of steam Sulphuric acid is added to the distillate, and after evaporation the 
nicotine sulphate is decomposed by caustic soda and the nicotine distilled off 

The use of nicotine in the plant economy appears to be doubtful, but it is regarded as being 
derived from the protein matter Its percentage vanes in different parts of the plant and at 
different stages of its growth, but in all parts except the seed, and at all stages, some nicotine is 
present. Pannain (/,S C / , 191 5 , 246) has shown that if the ripe leaves are picked as they 
mature, the third and fourth pickings contain only half as much ot the alkaloid as the first and 
second The amount of ash also decreases from the first to the fourth picking The leaf blades 
are richer than the midnbs in every constituent except organic acids, and this holds good for the 
whole leaf in companson with the stem and roots. Although the percentage of nicotine vanes with 
the vanety (from less than i per cent, in Syrian to 7 per cent, in Kentucky), the nature of the 
soil, climatic conditions, and the character of the manure used exert a very considerable influence 
on its production m the plant. The conditions which tend to produce a coarse, rank growth tend 
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also to produce a high nicotine content Acting upon this knowle^e tobacco has been grown m 
England solely for the pur^se of extracting the alkaloid ( Garrod and Edwards-Ker^ “ The Growing 
of Tobacco for Nicotine Extraction **) Such tobacco pays no excise duty, but it must be suitably 
denatured before passing out of excise control. 

A high nicotine content in smoking tobacco is undesirable, and it is generally 
considered that the aroma and flavour are dependent upon a volatile substance 
called nicotianin, or tobacco camphor, which exists in the leaf in inverse ratio to 
the nicotine content The amount of this substance present is very small, being 
about o 2 per cent, of the dry weight. 

Its constitution has been the subject of some discussion. Gerkardty working upon the percent- 
age composition found by Barraly ascribed to it the formula CaHaaNaOg (/5 C./., 1902, 797), but 
Gawalowskt {JSCIy 1902, 1348) states that the so-called tobacco camphor is a mixture of the 
nicotine salts of valeric, camphoric, oxycamphonc, and pyndyl-carboxylic acids, nicotine pyndyl- 
carbonate being the chief toxic principle, whilst the aroma is due to the other three salts mentioned. 
Small traces of other alkaloids have been detected in tobacco, namely, nicoteine, isonicoteine, 
nicotelline, nicotoine (CgHuN), pyrrolidine, and methyl pyrrolidine {Redgrave {KnowledgCy 1914, 
46) , Pictet and Rotscky (/ ^ C / , 1901, 501) ; A" Noga (/ 5 C / , 1915, 979)) Thorpe and Holmes 
{Chem Soc Trans , 1901, 79, 982) isolated two hydrocarbons, hentriacontane, C3iHg4, M P. 
67 8° 68 5® C , and heptacosane, M P 59 3^59 8“ C , and recently Halle and Pnbram 

{/ S.C / y 1914, 612), an essential oil has been isolated in o 047 per cent yield Tobacco also 
contains a comparatively large amount of wax and resins The chemistry of these latter substances 
has been investigated by J von Degrazia {/SC/, 1914, 436 , 1915, 978), and the following con- 
stituents isolated a-tobakenic acid, tobakenic acid, tobacco resinol, tobacco resene, and an 
ejSsential oil 

Pesca and /mat {/ S C / , 1888, 759), in an investigation of the modes of the existence of 
nitrogen m tobacco, state that nitric acid and carbohydrate should not be present in well -fermented 
tobacco, though amines may be harmless or even beneficial, the conversion of proteids into amines 
being one of the most important results of fermentation High basicity of the ash is a good index of 
combustibility Very much magnesia is prejudicial to the burn 

Ampolo 2ind Jovtno {JSC/y 1902, 997) state that the direct factors governing the combusti- 
bility of tobacco are the state of division of the metals present, especially iron, which are capable 
of exerting a catalytic action A recent paper by G Pans {/ S C / y 1917, 666) critically examines 
the various methods proposed for the estimation of nitrogenous substances in tobacco — nicotine, 
ammonia, nitric acid, amines, aspartic acid, etc. 

Barium, arsenic, titanium, and other rare metals have been detected in the ash of tobacco 

In common with other vegetable substances, tobacco also contains starch (usually in small 
quantity), sugar (only in unfermented tobacco, except for small quantities of a readily hydrolysable 
allatoin glucoside {Ampola and Scurtiy J CSy 1909, vii , 339)), woody fibre, or cellulose, 
albuminoids (or amines), in addition to organic acids and mineral constituents. (See tables 
subjoined ) 


Percentage Composition of American Tobacco 


Dried at C. ((?. E Moore) 


\ 

1 Virginia 
j Sun Cured 

Virginia 
Flue Cured 
Low Grade 

Clarkesville 
Fire Cured 
Soil Heavy 
Rich Loam 

Kentucky 
Air Cured 

Perique 

Wisconsin 
Seed Leaf 


I 

2 

3 

4 

5 

6 

Nicotine - - - - 

3 2b 

4 30 

5 29 

3 12 

4 32 

086 

Resin and fats • 


4 6s 

499 

5 34 

6 28 

3 28 

Starch - - - - 

5 89 

2 75 

3 54 

4 4 S 

245 

4 15 

Glucose - - - • 

6 89 

2 75 

, 


, 

. . 

Albuminoids (Nx 6 25) - 

16 09 

13 66 

16 S 4 

1398 

IS 80 

20 34 

Pectic acid (anhydride) - 

6 19 

7 46 

6 01 

7 49 

6 66 

II 61 

Citric ,, ,, 

2 12 

2 84 

299 

405 

I 18 

299 

^'lalic ,, ,» * * 

502 

758 

551 

9 26 

3-94 

6 88 

Oxalic 

0 84 

> 03 

I 30 

2 18 

3 49 

* 

Acetic ,, • 

0 42 

OSS 

039 

0 64 

1.62 

0 68 

Nitric ,, „ 



’ 55 


, 

I 22 

Ammonia 

033 

032 

0 98 

0 48 

0 76 

063 

Crude fibre 

9 58 

924 

9 68 

12 18 

9 08 

1297 

Sand 

0 55 

238 

2 25 

066 

4 17 

I 53 

Ash (exclusive of sand and CO2) 

12 41 

1336 

14 37 

16 06 

13 30 

1543 

Undetermined - 

26 26 

27 13 

24 61 

18 II 

269s 

16 36 
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Ash Analysis 



Virsmia 
Sun Cured 

Virginia 
Flue-Cured 
Low Grade 

ClarkesvtUe 
Fire-Cured 
Soil Heavy 
Rich Loam 

Kentucky 

Air-Cured. 

Wisconsin 
Seed Leaf 

Total ash 




14.29 

17.4a 

19 23 

ai 8 s 

20 81 

Ash (exclusive of sand and CO2) 


12 41 

1336 

14 37 

16.06 

1543 

Potash - 




34.16 

*6SS 

33. ‘S 

39*51 

387* 

Soda 




0 26 

0 22 

0 15 

O.TO 

I 08 

Lime 




31*76 

3696 

3648 

39.80 

33*49 

Magnesia 




791 

II SI 

II 8s 

534 

12 57 

Feme oxide - 




0 58 

095 

051 

i 56 

079 

Alumina 




1.22 

I 81 

09s 

0 5 * 

074 

Manganous oxide - 




. 

,, 

0 25 

0 13 

trace 

Phosphoric anhydride 




381 

323 

442 

6 09 

359 

Sulphuric ,, 




499 

427 

6 16 

4 52 

389 

Silicic ,, 




1.39 

3 29 

3 42 

I 20 

4.6s 

Chlorine • 




1392 

II 21 

1 266 

0 48 

099 


The constitution of tobacco smoke has been the subject of considerable 
investigation, particularly by Tdth {IS-CL^ 1910, 458), Thoms {/*SC 1 , 1901, 
626), Trtllat {/.SCI, 1904, 1164), and Garner (“Relation of Nicotine to the 
Quality of Tobacco ”). It has been found to contain, in addition to unchanged 
oxygen and nitrogen from the air, carbon dioxide, carbon monoxide, formaldehyde, 
ammonia, hydrogen sulphide, hydrogen cyanide, butyric acid, pyridine, collidine, 
and nicotine, also two volatile oils in minute proportions (75 parts in 20,000), 
one of which is extremely toxic According to Gamer, 25-35 per cent, and 
according to Thoms about 75 per cent, of the nicotine present in the tobacco 
passes into the smoke. That is to say, taking the lower figure of Garner, in 
smoking an average cigar weighing 5 gm made from tobacco containing 2 per cent 
of nicotine, 25 mg. — four times the minimum fatal internal dose — of this alkaloid 
are drawn into the mouth It would be of interest to ascertain whet/ier the 
hydrogen cyanide takes any part in the physiological effect produced by tobacco 
smoking. 

An interesting paper on the relative toxic powers of tobacco smoke from pipe, cigar, and 
cigarette appeared in the Lancet for 6th April 1912 

Qualitative Tests for Nicotine 

Concentrated sulphunc or nitric acid produce no colour change, chlorme water gives a red 
to brown colour It is precipitated from solution by iodine in potassium iodide (perceptible in 
solutions of one part in 250,000), bismuth pot iodide, mercury pot. iodide, gold, and platinum 
chlorides A mixture of concentrated solution of hydrc^en peroxide and strong sulphunc acid 
gives, with nicotine, a dark chocolate-red coloration If a few drops of a solution of a-nitroso 
jS-naphthol be evaporated in a porcelain capsule, and a few drops of the base added to the 
residue, a yellowish-brown tint is obtained. Mercunc chloride gives a white crystalline preapitatc 
with solutions of nicotine, insoluble in water and ether, almost insoluble in alcohol, soluble in 
dilute hydrochloric or acetic acids. Picnc acid added in excess gives a yellow crystalline precipi- 
tate even in the presence of foreign organic matter The picrate, B 2CeH2(N0a)80H, forms short 
prisms, M P 2io®C., and is characteristic. With a solution of nicotine i in 300,000, and o.i per 
cent hydrochlonc acid, a 5 per cent solution of potassium silicotungstate pr^uces an immediate 
turbidity. The delicacy of the test is increased to I in a million by increasing the acid to 8 per 
cent., and allowmg several hours for the precipitation. 


The Tobacco Excise Regulation 

Tobacco is neither a food nor a drug, so its purity is not guarded by the Food 
and Drugs Act. It is, however, a very important source of revenue to the State, 
the present rate of duty being 6s. sjd. per lb. for “stripped” tobacco (midrib 
removed), and 6s. 56. per lb. for whole leaf. An additional duty is charged when 
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the tobacco contains less than 10 per cent, moisture, and in order that there shall 
be no loss of revenue due to the admixture of non-dutiable articles, very stringent 
regulations as to its purity and manufacture are laid down by the Commissioners 
of Customs and Excise, based upon the authority of Parliament contained in 
various Finance and Revenue Acts It must not contain more than 32 per cent 
of water, nor more than 4 per cent of oil. Further, it must not contain any 
ingredients other than tobacco, water, oil, essential oils (for flavounng), or acetic 
acid. 

With rewd to the acetic acid used as a preservative, it is notable that the treatment of 
tobacco with a small amount of glacial acetic acid in the form of a fine spray is much more 
effective than the equivalent amount of acid of lower percentage 


Technical Assay of Tobacco 

Chemical analysis of tobacco is not of much assistance in arriving at a decision 
as to its quality, although it would be much easier to recognise a bad tobacco than 
a good one by chemical means , for instance, very bad tobacco always contains 
much protein matter, sulphuric acid, chlorine, and free nicotine, with small 
portions of amino-nitrogen, potassium salts, etc , high alkalinity of the ash, on 
the other hand, indicates good burning qualities, though even this property is 
usually determined by direct test As a consequence the only estimations usually 
made are water, oil, nicotine, inorganic matter, and sand, which, other than 
nicotine, are required for excise purposes 

Water. — A known weight is dried at lOO* C. for eight hours Substances other than water 
may be vaporised, but, from the wording of the moisture clause of the Revenue Act, these must be 
calculated as water 

Oil — 13 33 gm of the tobacco, finely cut up, are macerated for twelve hours with loo c c of 
petroleum ether ; 75 c c (representing lo gm tobacco) of the ethereal extract are rapidly filtered, 
if necessary, and placed in a tared fla^. The ether is distilled off, and the residual extract dried 
at 100* C for one hour, and weighed If the total extract is below 4 5 per cent , it may be 
assumed that the amount of oil is below 4 per cent. For accurate work the saponification value 
of the extract would have to be compared with that of the oil used in the manufacture, and even 
then, as tobacco naturally contains saponifiable substances, disturbing influences are introduced 
Determinations of the amount of extractable matter in the unmanufactured leaf might be made, 
and the result deducted from the amount of extract obtained from the manufactured tobacco, but 
manufactured tobacco (which has been baked) sometimes gives a lower ether extract than the leaf 
from which it is made Amounts varying from 2 9-4 5 per cent of extractable matter have 
been obtained by the present writer in two varieties of leaf as imported Fesca and Imat 
{/SC./, 1888, 759) state that ordinary fat determinations by extracting with ether are useless 
with tobacco The method outlined above is, however, the one in use at the Government 
Lal^ratory, and this method, or the Soxhlet, is generally followed 

Inorg^anic Matter and Sand. — The tobacco is first dried, and a definite weight incinerated 
over a small Bunsen flame. After all the “volatile carbon” has been expelled, the incineration 
IS completed in a mufiSe furnace at a dull red heat, cooled, and the ash moistened with a strong 
solution of ammonium carbonate to recarbonatc the free bases It is then dried for eighteen hours 
and weighed as total inorgamc matter. 

Sand. — The ash obtained as above is treated with hydrochloric acid (i 6), filtered, the residue 
dried, ignited, and weighed as sand. Another method is to treat the ash with concentrated 
hydrochloric acid, evaporate to dryness, heat to 150* C. for half an hour, treat with dilute 
hydrochloric acid (i . 12), filter, dry the residue, ignite, and weigh. 

Nicotine. — Many methods have been proposed for the estimation of nicotine, of varying 
degrees of reliability For a comparative study of six methods, see/ To(k {/S C.1 , 1911, 
1^4) Three methods are here described (for other methods see Ktssltng {Analyst, 1904, 378) , 
/ Toth {Analyst, 1912,45a); Schroder {Analyst, 1911, 106); Harrison and Self {Pharm J , 

*^*The following method is due to Gamer (Bulletin No 102, U S. Bureau of Plant Industry, 
Washington, 1907). It is rapid and sufficiently accurate for technical purposes. 

Six grams of finely divided air-dried tobacco are well mixed with 3*5 of a 5 per cent, 
solution of caustic sooa, and transferred to a 250 c c stoppered cylmder Or the tobacco may 
be mixed in the cylinder by means of a long glass rod. 100 c c. of petroleum ether are added, and 
the cylinder vigorously shaken The mixture is allowed to stand for four hours, the cylinder being 
laid on its side so as to expose a gnreater surface of tobacco to the action of the ether, shakme 
vigorously every half hour. After lUlowing the mixture to settle, the clear extract is rapidly passed 
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through a filter, 75 c c. of the filtrate (equal to 4.5 gm. tobacco) being collected. This is allowed 
to stand in an open flask exposed to the air for half an hour, or air is drawn through it to remove 
the ammonia, only a small portion of which is extracted by the ether. It is next shaken in a 

separating funnel with 10 c c. ~ sulphuric acid, diluted to 50 c.c. with water. The aqueous layer 

is drawn off, the petroleum spirit washed twice with a little water, and the excess acid in the 

N N 

aqueous liquid titrated with — alkali, using cochineal as indicator. 1 c c. acid is equal to 

® 0324 gm nicotine The amount of water in the tobacco is determined in a corresponding sample, 
and the weight taken corrected accordingly. The main difference of the above to Toth^ method 
is that Toth recommends moistening the tobacco and mixing with plaster of pans until the whole 
forms a dry powdery mass, the plaster of pans retaining the ammonia. Toluene or xylene may be 
used as the solvent 


Kissling’s Method for the Determination of Nicotme — Weigh about 20gra. of finely*powdered 
tobacco, which has been previously dried at 60® C , so as to allow it to be powdered into a small 
beaker Add lO c c of alcoholic soda solution (6 gm caustic soda, 40 c c water, and 60 c c 90 per 
cent alcohol) and mix thoroughly Transfer to a Soxhlet extractor and exhaust for five hours with 
ether Evaporate off the ether at a low temperature, and take up the residue with 50 c c dilute 
caustic soda solution (4 gm caustic soda in 1,000 c c of water) Transfer this residue by means 
of water to a Kjeldahl distillation apparatus, capable of holding about 500 c c , and distil in a 
current of steam, using a >\ell cooled condenser A few pieces of pumice and a small piece of 
paraffin should be used to prevent bumping and frothing Continue the distillation until all the 
nicotine has passed over, the distillate usually varying from 400 c c to 500 c c When the dis- 
tillation is complete only about 15 c c of the liquid should remain in the distillation flask Titrate 
the distillate with standard sulphuric acid, using phenacetolm or cochineal as indicator One 
molecule of sulphunc acid is equivalent to two molecules of nicotine This is the official method in 
the United States Ktsshng (see Analyst^ 1904, 378) recommended that the tobacco should be 
mixed with an equal weight of powdered pumice before extraction 

The Silicotungstate Method for the Determination of Nicotine — The method was originally 
proposed by Bertram and Gavillter^ and has been improved by them and others (see / S C I ^ 1899, 
404, 1909, 326, 1911, 376, B Spaiimo {Analyst, 1914, 43) , ^ /ensen{Pkarm J , 1913,36, 
^50)) Jensen gi\es the method of preparing silicotungstic acid, its effect on most alkaloids and on 
many other organic substances 

The tobacco is extracted on the water bath (under a reflex condenser) with ten times its weight 
of hydrochloric acid (5 per cent ) for fifteen to twenty minutes, the liquid drained off, and the opera- 
tion repeated four or more times In the case of tobacco extracts, 5 gm are diluted to 100 c c 
The nicotine in the liquid is precipitated with silicotungstic acid or its potassium salt After mixing 
thoroughly, and allowing to stand eighteen hours (or stirring continuously for one hour if speed is 
essential), the crystalline precipitate is collected and washed with water, to which has been added a 
little hydrochloric acid and a few drops of the precipitant The precipitate is then ignited to the 
oxides of silica and tungsten, WOj SiOg The factor for converting the weight of this into nicotine 
is o 1139 The constitution of the conipound after drying at 1 15^-120® C is stated to be — 

Sl02l2W^03 2H2O 2CiofIj4N2, 

but apparently the amount of water present is not sufficiently constant for it to be weighed at this 

* ^Instead of igniting the precipitate it may be decomposed with magnesia mixture, distilled in a 
current of steam, and the nicotine in the distillate titrated as in Garner’s or Kissling’s method 
Ammonia does not affect the result if less than 2 per cent be present, and according to Jensen not 
at all by the ignition method 

The present writer has found the silicotungstate method (by ignition) to give high results, which 
may ^ due to the fact that the colouring matter extracted by the hvdrochlonc acid is precipitated 
by the silicotungstate and the corresponding amount of the oxides left on ignition The following 
modification has been adopted The nicotine is extracted in a Soxhlet as in the Kissling method, 
the ether evaporated off, and the residue taken up with warm dilute hydrochloric acid After 
cooling the nicotine is precipitated by silicotungstate, and the precipitate collected, washed, and 
Ignited as in the ordinary method. The fat extracted from the tobacco by the ether docs npt 
interfere. 
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TABLE I 

WEIGHTS AND MEASURES 

I METRIC SYSTEM 

I metre (m ) = lo decimetres (dm ) = loo centimetres (cm ) == i,ooo millimetres (mm ) 
= 109 yards = 3 281 feet = 39 371 inches 

I litre (1 )= 1,000 cubic centimetres (c c or c cm ) = o 22 gallon = i 76 pints = 35 2 
fluid oz 

I cubic metre (cb.m )= 1,000 litres* 220 gallons 

I gramme (g or gr or grm)=io decigrammes (dg)*ioo centigrammes (eg)- 
1,000 milligrammes (mg )* 15.43 grains 

1,000,000 grammes — i metric ton^ 1,017,960 grammes^ i ton of 2,240 lbs 
I kilogramme (Kg or Kilo )* 1,000 grammes = 35 27 oz = 2 2 lbs 
50 kilogrammes = i centner = i cwt , nearly 

100 kilogrammes* I quintal or 1 metric centner = i doppelzentner * i dz —about 
^th ton ^ 

1,000 kilogrammes * i ton (t ), r ^ , metric ion =19 cwt. 77 lbs. — 2204 6 lbs 
i cubic centimetre water* i gramme 
I litre water = i kilogramme = 22 lbs. 

I cubic metre water* i metric ton* 2204.6 lbs. 

2, ENGLISH WEIGHTS AND MEASURES 
I yard (yd.) — 3 feet *9 1.44 centimetres * o 9144 metre 

I foot (')*i2 inches ('')*3o,48 centimetres * o 3048 metre, i cubic foot- 28 31 5 
litres 

I inch — 2 54 centimetres ; i cubic inch * o 01639 litre 

i imperial gallon (gal.) *4 quarts (qts)*8 pints (pts)*i6 gills *32 noggins — 
10 lbs. (of water) *4 54 litres. 

[ pint * o 568 litre * 2 gills * 4 noggins — i J lbs (water) 

In England, by the term gallon (gal ) the Imperial gallon is meant, but in 
the United States of America the much smaller apothecary s or wtm 
gallon IS understood. 
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I imperial gallon » i.a wine gallons ; i wme gallon «■ 0.8335 iinperial gallon. 

r wine gallon » 4 quarts *8 pints -3 785 litres *8.35 lbs. water, i litre -0.264 
wine gallon. 

I pint (apothecary’s measure) — 0.473 htre, i litre — 0.264 pint (apothecary’s 
measure). 

I pound avoirdupois (lb) — 16 oz. — 256 drachms (drm) — 7,000 grains — 453.6 
grams -0 454 Kilo 

I oz. - 16 drachms -437.5 grains - 28 35 grams j i fluid oz. - 28.4 c a 
I hundredweight — 4 quarters (28 lbs each) - 112 lbs 
I ton (gross ton) — 20 cwt. — 2,240 lbs — 1,016 Kilos — i 016 metric tons. 

In England the ton or gross ton of 2,240 lbs. is exclusively used. In the 
United States of America th^ term “ ton ” may mean the gross ton of 
2,240 lbs , or the short ton of 2,000 lbs. avoirdupois 

I grain — o 0648 gram ; 7,000 grains - i lb. 


TABLE II 

dOMPARISON OF THERMOMETERS— CONVERSION OF THERMOMETER 

DEGREES 

• C. to ® F • multiply by 9, divide by 5, then add 32 

• F. to ® C. . first subtract 32, then multiply by 5, and divide by 9. 


COMPARISON OF CENTIGRADE AND FAHRENHEIT DEGREES 


•c 

•F 

■ 

•F 

•c 

•F 

•c 

1 

•F 

+500 

+ 93 * 


■H 

+ 45 

+ II3 

+ 16 

+ 60 8 

400 

752 

■Ra 


44 

III . 2 

15 

59 

300 

572 



43 

1094 


572 

200 

392 

WSm 

1598 

42 

107 6 

13 

55 4 

100 

212 


158 

41 

105.8 

12 

536 

92 

210,2 



40 

104 

II 

51 8 

98 

208.4 

68 

1544 

52 

102 2 

10 

50 

97 

206 6 

67 

152 6 

38 

100.4 

9 

48 2 

96 

204.8 

66 

1508 

37 

986 

8 

464 

95 

203 

6 s 

149 

36 

968 

7 

446 

94 

201 2 

64 

1472 

35 

95 

6 

42 8 

93 

1994 

63 

1454 

34 

932 

5 

41 

92 

1976 

62 

1436 

33 

91.4 

4 

392 

91 

1958 

61 

141.8 

32 

89 6 

3 

37 4 

2® 

194 

60 

140 

31 

878 

2 

35-6 

89 

88 

87 

192 2 

52 

1382 

30 

86 

1 

33.8 


S8 

57 

1364 

1346 

^2 

28 

84 2 
82.4 

0 

-I 

1 32 

30 2 

86 

1868 

S 6 

132 8 

27 

806 

2 

28.4 


»8S 

55 



788 

3 

26 6 

f 4 

183 2 

54 

129 2 

25 

77 

4 

24 8 


181 4 

53 


24 

75 2 

5 

23 

82 

1796 

52 

125.6 

23 

73*4 

6 

21 2 

81 

1778 

51 

123 8 

22 

71.6 

7 

194 

80 

176 

50 

122 

21 

69-8 

8 

17 6 

79 

174.2 

^2 

120.2 


68 

66.2 

9 

15.8 

78 

172.4 

48 

118.4 


10 

14 

77 

1706 

47 

116.6 

IS 

644 

II 

12.2 

76 

! 168.8 

46 

114.8 

17 

626 

12 

10.4 

75 

167 

1 





i 
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TABLE III 

COMPARISON OF HYDROMETER DEGREES TWADDLE AND BAUm6 WITH 
THE SPECIFIC GRAVITIES FOR LIQUIDS HEAVIER THAN WATER 


Degrees 

Twaddle 

Degrees 

Baumd. 

Specific 

Gravity 

Degrees 

Twaddle. 

Degrees 

Baumd 

Specific 

Gravity 

Degrees 

Twaddle 

Degrees 

Baume 

Specific 

Gravity 

I 

0.7 

1.005 

64 

35*0 

I 320 

128 

563 

I 640 

2 

I 4 

I.OIO 

66 

3 |! 

I 330 

130 

569 

1 650 

4 

27 

I 020 

68 

366 

I 340 

132 

57 4 

I 660 

6 

4 I 

1.030 

70 

37.4 

I 350 

134 

57.9 

I 670 

8 


I 040 

72 

38 2 

I 360 

136 

584 

I 680 

10 


1 050 

74 

390 

1-370 

138 

589 

X 690 

12 

8 0 

I 060 


398 

I 380 

140 

59 5 

I 700 

14 

94 

I 070 


40 s 

I 390 

142 

59 9 

X 7x0 

i6 

10 6 

I 080 

80 

41 2 

I 400 

144 

60 4 

X 720 

18 

u 9 

I 090 

82 

42 0 

I 410 

146 

60 9 

1 730 

20 

130 

I 100 

84 

427 

I 420 

148 

61 4 

1 740 

22 

14 2 

I no 

86 

434 

I 430 

150 

61 8 

1 750 

24 

154 

I 120 

88 

44 I 

I 440 

152 

62 3 

I 760 

26 

165 

I 130 

90 

448 

I 450 

*54 

628 

X 770 

28 


I 140 

92 

45 4 

I 460 

156 

63 2 

I 780 

30 

18 8 

I 150 

94 

46 I 

1 470 

158 

63 7 

1 790 

32 

19 8 

I 160 

96 

468 

X 480 

160 

64 2 

I 800 

34 

20 9 

I 170 

98 

47.4 

I 490 

162 

646 

I 8 x 0 

35 

22 0 

I 180 

100 

48 I 

I 500 

164 

650 

I 820 

3S 

230 

I 190 

102 

487 

I 510 

166 

655 

I 830 

40 

24 0 

I 200 

104 

49 4 

I 520 

168 

659 

I 840 

42 

25 0 

I 210 

106 

500 

1 530 

169 

66 I 

I 845 

44 

26 0 

1 220 

108 

506 

1 540 

170 

66.3 

I 850 

46 

26 9 

I 230 

no 

5 * ; 

I 550 


67 

I 872 

48 


I 240 

X12 

518 

I 560 


68 

I 897 

50 

28 8 

I 250 

114 

524 

I 570 


69 

I 921 

52 

29.7 

I 260 

116 

530 

I 580 


70 

I 946 

54 

30.6 

I 270 

118 

536 

I 590 


71 

I 974 

56 

31 5 

1.280 

120 

54 I 

I 600 


72 

2 000 

58 

324 

I 290 

122 

54 7 

I 610 


73 

2 031 

60 

33 3 

I 300 

124 

555 

I 620 


74 

2059 

62 

34 2 

I 310 

126 

558 

I 630 





No/e —The degrees in Twaddle's hydrometer bear a direct relationship to the specific gravity 
and may be obtain^ firom the same by the following formula in which d represents the specific 

giravity and n the number of degrees Twaddle . n = On the other hand by the 

formula the degrees Twaddle are converted into the corresponding specific gravity 

1000 

For values below 2.0 the degrees Twaddle may also be obtained from the specific gravity by moving 
the decimal point two figures to the right, striking off the first figure and multiplying the rest by 2, 
as per the following example : — 

Specific gravity 1.133 

133x2: 

26.6^ Twaddlt. 
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TABLE IV 

DENSITIES CORRESPONDING TO BAUM6’S HYDROMETER FOR LIQUIDS 
LIGHTER THAN WATER {Francaur) 


•B 

Density 

•B 

Density 

•B 

Density 

•B 

Density 

lO 

I 000 

23 

0 918 

36 

0 849 

49 

0789 

IX 

0993 

24 

0913 

37 

0 844 

50 

0785 

12 

0 986 

25 

0907 

38 

0839 

51 

0 781 

13 

0 980 

26 

0 901 

39 

0 834 . 

52 

0777 

14 

0973 

27 

0 896 

40 

0 830 

53 

0773 

^5 

0 967 

28 

0 890 

41 

0 825 

54 

0 768 

16 

0 960 

29 

0885 

42 

0 820 

55 

0764 

17 

0954 

30 

0 880 

43 

0 816 

56 

0 760 

18 

0 948 

3 * 

0874 

44 

0 81I 

57 

0757 

19 

0 942 

32 

0 869 

45 

0 807 

58 

0 753 

20 

0 936 

33 

0 864 

46 

0 802 

59 

0749 

21 

0 930 

34 

0859 

47 

0 798 

(X) 

0 745 

22 

j 

0 924 

35 

0854 

48 

0794 
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INDEX LIST OF TRADE NAMES OF THE NEWER 
SYNTHETIC DRUGS. PHOTOGRAPHIC DEVELOPERS, ETC 

Reprinted, with kind permission, from the “Journal of the Society of 
Chemical Industry” 1914, 33, loaS. 


Abanone — Magnesium phosphotartrate. 
Acetomorphind — Diacetylmorphme, 

Ci 7 H„N 03 (CaH 30)3 

Aoetopyrin — Antipynne acetylsalicylate, 
CiiHiaNaOAHaO OCflH^ COOH. 
AcetosaL — Acetylsahcylic acid, 

CgHsO OCgH^ COgH 

Acetozone —Mixture of equal parts of acetyl- 
benzoyl peroxide, CflHgCO O 0 CgHjO, and 
kieselguhr 

Acetysal. See acetosal 

Acidol — Betaine hydrochloride, CsHnNOgjHCI 
AcitriDu — 2-Phenylquinoline-4 carboxylic acid 
ethyl ester, C9HgN(C8H6)C02C2H5 
Acopyrlii See acetopyrin 
Adalin — Bromodiethylacetylurea, 

(CgHglgCBr CO NH CO NHj 
Adamon. — Dibromodihydrocinnamic acid bornyl 
ester, C3H5(CHBr)2C02CiQHii7 
AdigaxL — Digitalis preparation containing all the 
active pnnaples except digitonin, this having 
been removed by precipitation with choles- 
terol m alcoholic solution 
Adrenal — Crystalline base from the suprarenal 
gland 

Adrenaline — <?-Dihydroxyphenylmethylaminome- 
thylcarbinol hydrochloride, 

(HOlaCella CH(OH) CH 2 .NH(CHs),HCl 
Adreuoaine. See eudrenme 
AlTidol — Sodium salt of hydroxymercury-a-toluic 
acid, CHs CeHjICOaNajHgOH. 

Agnln«— Adeps lanae or purified wool fat. 

AgnoUn. See agnin 

AgobiUn — Strontium cholate mixed with small 
quantities of strontium salicylate and diacetyl- 
phenolphthalein 

Affurln. — Addition piToduct of theobromine-sodium 
and sodium acetate, C7H7N402Na,Call80aNa 
AlbwrgliL— Gelatose-silver (15 7 * Ag) 
Aldoform.— A formaldehyde preparation 
Aleudzln. — Carbamic acid ester of aa-dichloroiso- 
propyl alcohol, (CHaCDg-CH O CO.NHg. 
Alformin. — 16 7 o solution of basic aluminium 
formate, AlgfOHIjCHCOs)^ 

Alginoid iron. See algiron 
Algiron. — Iron compound of alginic acid (from 
seaweed) ; contains 1 1 */• Fe 
AUmateiiL — Condensation product of haematoxylm 


and formaldehyde, CH202(CigHi205)2 CHf. 
AUosan —Sant alyl allophanate, 

NHg CO NH CO2 C15H23 
Alpbogen — Succinyl peroxide, 

(COOH CHa CH2 COIA 
Alpbozone See alphogen 
Althein — Asparagm, 

CaHjtNHallCOgHlCO NH2 + H2O 
Alypin. — Benzoyl- 1 3 tetramethyldianiinoethyl-2 
isopropyl alcohol hydrochloride, 

CgHgCO 0(C2Hg)C[CH2 N(CH3)2]2,HCI 
Amarin — Tnphenyldihydroglyoxalme, 


CgHg*C NH\pTT Q TT 


cam 


Amenyl — Methylhydrastimide hydrochloride, 
CH2O2 : CgHalCOlaNlCHsl.HCl 
Amidopjrrin — Dimethylaminoantipynne, 
CnHuN^O N(CHs )2 

Ampbotropin — Hexamethylenetetramine 
phorate, (C«Hi2N4)2,C8Hi4(COOH)2 
Amylarine — Iscamyltrimethylammonium hydrox 
ide, CgHnlCHjlsN OH 

Amestbesin. — Ethyl ester of p aminobenzoic acid, 
NH2 C6H4 COaCaHg 
Ansestbone See anaesthesin 
Analutos See kalmopynn 
Angioneorosin -Nitroglycerin, C3H5(0 NOgls 
Anisotbeobromine — Addition product of theo 
bromine sodium and sodium anisate, 

CtH 7 N 402 Na,CeH 4 ( 0 CH 5 )C 0 aNa 

Anogon — Mercury salt of 2 6 di-iodophenol 4 
sulphonic acid, CgH2l2(OHg)(S03Hg) 
Antacedin. — Calcium saccharate. 

AntbrasoL — Coal tar distillate having colour and 
consistence of olive oil 

Antiaztbrin. — Condensation product of saligenin 
and tannin, probably the hydroxybenzyl ester 
of tannic acid 

Antileprol — Purified chaulmoogra oil 
AntUueUn — Potassium-ammonium antimonyltar- 
trate, [Sb0(C4H408)aKNH4]2Ka0 
Antiperlostiii.— Mercury lodocantharidate, 
CgHnlOlCOOIaHg 

AntipyoiiiniiiXL — ** Neutral” sodium tetraborate» 
prepared by fusing together borax and bone 
acid 

Anttsclerozina —Mixed inorganic salts of normal 
blood. 
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AntodlB. — Phenyl ether of glycerol, 

CsHfilOHlgO CeH». 

AporitoL — Mixture of equal parts of isovaleryl- 
and acetyl-phenolphthalein. 

AponaL-^Amyl carbamate, NH2.COOC5H11. 
AppaJdagin.— Mercury compound of nosophen 
(tetraiodophenolphthalein) 

Apyxon. — Lithium acetylsalicylate, 

CgHjO OCeH^ COaLi. 

ArcliiliroinliL — Monobromoisovalerylglycolylurea 
CHglOH) CO NH CO NH CO C4H8Br 
ArcliiodiiL — Monoiodoisovalery Iglycolylurea. 
Argaldin ~ Combination of albumin silver and 
hexamethylenetetramine ( 10 7© Ag)* 
Argoferment —Colloidal silver. 

Argyrdl — Silver-vitellin (20-30 7 ^ Ag). 

Argnlan. — Mercury compound of dimethylphenyl- 
pyrazolonesul phamine, 

CiiHiiNgO NH SOgHgOH. 

ArliooL — Santalol, CjgH^jO 
ArhoiiL — ^Addition product of diphenylamine and 
ethylthymyl-benzoate, 

(CgH6)oNH,CioHig.CeH4 COgQHg. 
Aristocliin See anstoquinine 
Aristoqninlne — Carbonic ester of quinine, 
COlOCgoHggNgOg. 

ArrhenaL — Sodium methylarsinate, 
AsO(CH8)(ONa)8,6HaO. 

AnacotixL — Sodium /-acetylaminophenylarsinate, 
CaHjO NH C«H 4 As 0 ( 0 Na)( 0 H), 3 - 4 H 20 
Anaoetln-quiziiXLe —Contains 43 of arsacetm 
and 54 of quinine. 

ArsaJyt — Bismetbylaminotetra-aminoarsenoben- 
zene 

Arsamin See atoxyl. 

Arsan — Glidin preparation containinp; silver 
ArsanUic Add.— /-Ammophenylarsmic acid, 
NH2.CgH4AsO(OH)a. 
Anen-plienol-amine See salvarsan 
ArterenoL — <i-Dihydroxyphenylaminoniethylcar- 
binol hydrochloride, 
(HO)aCcH,.CH(OH).CHaNH2,HCL 
Aslpbyl. See asyphil. 

Aspirin, Soluble See kalmopynn. 

Aapirophen. — Aminoacetphenetidide acetylsalicy- 
late, 

CaHgO CgHg NH.CaHoO NHj, 

C2H3aOCeH4 COOH 

AsqulrroL — Mercury dimeihoxide, (CHgOaHg 
Afltxolin. — Antipynne roethyl-ethyl-glycollate 
AsuroL— Addition product of mercury salicylate 
and sodium aminohydroxy-isobutyrate. 
AsypUl — Mercury salt of atoxyl, 

(NH2C6H4 AsO ( 0 H) 0 )aHg. 

Atopban. — 2-Phenylquinoline-4*carboxy lie acid, 
CaHgNfCgHglCOOH. 

Atoxyl — Sodium p aminophenylarsinate, 
NH2.CgH4 As 0 ( 0 H)( 0 Na),xH 80 . 
Atrinal.— Atropmesulphunc acid, QfllggOgNS. 
Atyrossrl See asyphil. 

AiOTemin. — Acet y lami noazotol uene, 

CHg CgH4 Na-CgHgCCHg) NH.CaHgO 

Baildtone See veronal. 

Barutin. — Addition product of theobromine- 
barium and sodium salicylate. 

Benzlttofonn. — Carbon tetrachloride. 
Benzoaalln.— Methyl benzoyl salicylate, 

CgH 4(0 CO CgHjlCOOCIIg. 

Biogreu. — Magnesium peroxide. 

Kdactyl —Preparation of lactic acid badllL 


Biiclniod.<— Combination of cinchonidine hydno 
dide and bismuth iodide, CigHagNaO,HI,BiIg. 
Bismon.— Colloidal bismuth. 

Blsmntoae —Contains about 22 7 © Bi and 66 7 © 
albumin. 


Blankit —Sodium hydrosulphite. 

BlenaL— Carbonic acid ester of santalol, 

CO(OCigHa8)a. 

BomsryaL — Bomyl isovalerate, 

C4H8CO O.C19H17. 

Bomyral, How — Bornyl isovaleryl glycollate, 
C4H9COOCH9.COOC10HP 
Boroform. — ^Solution of formaldehyde in sodium 
glvceroborate 

Boroalyl — Sodium borosalicylate. 

Borovertln. —Hexamethylenetetramine tiiborate, 

C 6 H,aN 4 , 3 HB 02 . 

Bromeigon — Albumin preparation containing bro- 


mine 


BromoUa, cryot — /Sr-Naphthyl ethyl ether, 
C^qK? ^ 

Brometone — Tnbromo tertiary butyl alcohol, 
CBrg C(CH8)aOH. 

Brominol — Brominated sesam^ oil (33 7 . Br). 
Brominoleum See brominol 


Bromochinol — Acid dibromosalicylate of quinine, 
CaoHa4N802,2CeH2Bra(OH)COOn 
Bromoglidin. — Wheat gluten preparation contain- 
ing 10 7 ^ Br. 

Bromoglnten — Vegetable albumin preparation 
containing 8 7© Br 

Bromolein. — Brominated unsaturated fatty acids 
of almond oil (20 7 © Br) 

Bromoprotein. See bromogluten 
Bromotan — Bromotannm-methylene urea. 
Bromural — a-Bromoisovalerylurea, 

C4H8Br CO.NH.CO.NHg. 

Brophenln. — Bromoisovalerylphenocoll ; a bromi- 
nated phenetidinc derivative 
Brovalol — Bomyl bromovalerate, 

C4H8Br COO CioHiy. 

Byxiin — Liquid malt extract 


CacodyliagoL- Guaiacol cacodylate, 

(CHglaAsO.O CeH4(OCH,),HaO. 

Oajupntol. — Cineol (cucalyptol), CioHigO. 

CaJddine —Calcium iodide. 

Caldnol — Calcium lodate 

Oaloosol — Effervescent preparation of potassium 
bicarbonate and piperidine-/-sulphamine ben- 
zoate, S02(NH2)C8H4C00H,CBHnN. 

OalomdoL — Colloidal calomel. 

Camphoid — Collodion substitute; i part of 
pyroxylin in 20 parts each of camphor and 
al)solute alcohol, by weight* 

CamphoraL— Camphoric acid ester of santalol, 
CgHj^fCOOlalC-gHaglg. 

OamphosazL*— Solution of 15 parts of camphoric 
acid methyl ester m 85 f^rts of santalol. 

CanadoL— Light petroleum spirit, 
sp gr o 650-0.700. 

Caramen.— Soluble form of casein (**flocculent 
casein ”) ; contains 90 7© of protein. 

CeUoidin. — Pyroxylin punhed by solution in alco- 
hol and ether. 

CeUotropln.— Benzoic ester of arbutin, 
CeHgfXgHjiOg O.COCgHg. 

Ceredine.— Social dry powdered yeast. 

Cerolln.— Solid extract of yeast, containing fat* 

CetiacoL— Pyrocatechol methyl cetyl ether, 
C«H4(OCHg)(OC„H,8). 
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OblnaplientiL See quinaphenm. 

(minaplitlioL See quinaphthoL 
cmneonaL See qumeonal. 

CMnianm lygosinatom. See quinine lygosinate 
OhinofomL See quinoform. 

OhlnosoL See quinosoL 
Gbloralamid. — Chloral formamide, 

CCl8.CH(OH) CO.NH2. 

Obloretoiie. — Tnchloro tertiary butyl alcohol, 
CCl3.(CH,^C.OH,lHaO. 

Ohlorin. — Dinitroresoranol, 

(NOH)O . CeHg : O(NOH). 
Chlorobrom — A solution of potassium bromide 6» 
chloral formamide 6, and water 58 parts 
Chloxyl aaaeattietio.— Ethyl chloride 
Ohromofomi — Combination of methylhexamethy- 
lenetetramine and dichromic acid, 
(C^HiaN^CHjlaCrA. 

ChrsrsofomL— Dibromodi-iodohexamethylene* 
tetramine, C8H8Br2l2N4 

Cibrola. — Preparation of milk and glycerophos- 
phates 

Oical^ciJie — A solution containing thiosinamine 
20, antipynne 33, and eucaine lactate 065 
part per 100 

Citatln. — Sodium anhy dromethylenecitrate, 
^/CHaXpn/CHa COONa 
^\CO COONa 

dtroeoll — Neutral aminophenacetin citrate 
Cocaethylin — Ethyl ester of benroylecgonine, 
CflHcCO CgHisNO COOCgHfl 
Codeonal — Mixture of i part of medinal and 2 of 
codeine-veronal. 

CoXalin.— Cholalic acid, Ca4H4oOa,H80. 

CoryflXL — Menthyl ethyl glycollate, 

CHaOiCioHia) COOCaHj. 

Coxpyzln See acetosal. 

Cresegol — Mercury-potassium salt of cresolsul- 
pl ionic acid 

CresoBteriL— Acid ortho-oxalic ester of /w-cresol, 
CHj CgHaO C(0H)a.C(0H)2.0CeH4(CHj) 
Cryogenin. — w-Benzaminosemicarbaride, 

NHa-CO CgHaNH NH CO NHg. 
CupferroxL — Ammonium compound of nitroso- 
phenyl-hydroxylamine. 

Cupratin.— Copper albuminate. 

Ouprl-aseptol.— Copper w-phenolsul phonate, 

(HO CgH^ SOjlaCu 
Cuprloixi.— Cuprous cyanide. 

CuprodtroL— Copper citrate, 2CuaCgH407,5H80 
Cuprol — Compound of nuclcinic aad and copper 
CnBylol —Soluble copper atrate. 

Cyolofoxm. — Isobutyl ester of ^aminobenzoic acid, 
CeH4(NHo)COOC.Ha. 

Cypiidol — Mercuric iodide (i 7o) sterilised oil 
Cystamln See hexamine. 

CyBtogen. See hexamine. 

Cystopurin.— Addition product of hexamethylene- 
tetramine and sodium acetate, 

CeHjaN4,2CaH,08Na,6HaO. 

Deba See veronal. 

Dentalone.— Solution of chloretone in essential 
oils 

Bemogezi. See ektogen 
Desalgin.—** Colloidal chloroform”; an albumin- 
ous substance combined with about 25 7® 

CHCls 

DialpOlba. — Diallylbarbituric acid, 


Diaspirin. — Succinylsahcyhc acid, 

(CHa. c60)jj(CgH4C00H)^ 

Digipotene — Preparation containing the whole of 
the glucosides of digitalis leaves. 

Diofonn. — Acetylene dichlonde, CHCl CHCl 
Dlogen. — Sodium salt of aminonaphtholdisulphonic 
acid, NH8.CioH4(OH)(S08Na)8. 

DiogenaL — Di bromopropyldiethylbarbitunc acid, 

Dioxogen. — A 30 7^ solution of hydrogen peroxide 
DiplosaL — Salicylosalicylic acid, 

ho.c*H 4 CO o CgH4 coon. 

DlpropcBBisu— Urea derivative containing the resi- 
dues of 2 mols of propaesin, 

COtNH C,H4 COaCsH^la. 

DisaloL— Phenyl salicylosalicylate, 

HO CeH4 CO.O C6H4 COOC.He. 

Bigpennla.— Piperazine, 

Buiine — A formalm preparation. 

Dymal — Didymium salicylate 
Edlnol — f«-Amino-i>-hydroxybenzylalcohol hydro- 
chloride, HO CeH8(NH2)CH20H,HCl 
Ebrlich-Hata ‘^606 ” See salvarsan 
Ektogen —Zinc peroxide. 

Elanon — Strontium salt of chloroarsenobehenohc 
acid (13 7o As ) 

Elbon. — Cinnamoyl-/-hydroxyphenylurea. 
Eleotrargol — Electrolytic colloidal silver 
Embarln — Sodium mcrcurisalicylsul phonate 
Empyroform — Condensation product of tar and 
formaldehyde 

E11680I — Mercury salicylarsenate (38 7o 
Epinene — 3 4-Dihydroxyphenylethylmethyla- 
mine, (HOlaCeHa CHa.CHB.Nfl CH3 
Eplnepbzine — <>-Dihydroxy-4-methylaminoe- 
thanolbenzene, 

(HOa-CeHs CH(OH) CH2.NH CHj 
EpiOBine — i-Methyl-4 5-diphenyleneimidazole, 
CeH4-CN(CH8k 
I II >CH. 

QH.-C 

Epirenam See adrenaline 
Erepton — Meat preparation in which proteins aic 
completely resolved into amino acids 
Eridn. See mesotan 


Ervasin. — Acetylcresotimc acid. 

EscalixL — Aluminium powder mixed to a paste 
with glycerin 

EBtoral —Menthyl borate, BCO.CioHjalg 

Eubomyl — a-Bromoisovalenc ester of borneol, 
C4H8Br.COOCioHi7 

Encodeine —Codeine methyl bromide, 

Eucol — Guaiacol acetate, CHgO CeH40 CaHgO. 

Eudrenine — A solution containing o 01 grm. of 
eucaine and o 03 mgrm of adrenaline per c c. 

Euguform — Acetylated guaiaform (condensation 
product of guaiacol and formaldehyde). 

— Mixture of /-bromobenzoic aad, 
<7-aminobcn20ic acid, and antipynne. 

Euxnydrlne.— Methylatrqpine nitrate, 
QeH»N08(CH,)aN03 

EapbylliSL — Mixture of equal proportions of 
primary and secondary theophylline-ethylcne- 
diamine, 

CaH4(NH2)2,C7ll8N40a+CaH4(NHa)8.2C7HgN40, 

Snpnine —Caffeine preparation containing iodine. 

Euporpbine. — Apomorphine methyl bromide, 
C,7Hi7NOa*CH8Br,HjO. 



680 


APPENDIX II. 


Eupyrina ^/-Phenetidine-vanillin ethyl carbon- 
ate, 

C6H,(OCoH 5)N CH CeH,( 0 CH 3)0 COAH« 
Enresol — Resorcinol monoacetate, 

CeH5(0H)(0 CaHjO). 

Enquinlne — Quinine ethyl carbonate, 

CjHsO.CO OCaoHagNaO 
Euscopol — Inactive scopolamine hydrobromide, 
Ci7ll8iN04,HBr 

Eustenin — Addition product of theobromine- 
sodium and sodium -iodide, 

CVH,N40aNa,NaL 

Ezodln. — Mixture of diacetylrufigallic acid tetra- 
mcthyl ether 23, rufigallic hexamethyl ether 
30, and acetylruhgallic pentametbyl ether 

477. 

Fssziii See ceredine 

Ferxnenlactyl. — Preparation of lactic acid bacilli 
Feronnclin — Dry yeast extract 
FerratogexL See fernnol 
FerrlchthoL — Ichthyol preparation containing 
iron. 

Ferrinol. — Iron nucleinate ; contains 21 7 « FeaOg 
and 2i 7 , P 

Fibrolysin — 15 7 « solution of a combination of 
thiosinamine (2 mols ) and sodium salicylate 
(I mol ). 

Fluoram —Ammonium bifluoride 
Forgenin — Tetramethyl-ammonium formate, 

H C 00 N(CH 2)4 

Fonnaxnint. — Preparation obtained from i mol of 
lactose and at least 5 mols of formaldehyde. 
Forman — Chloromethyl menthyl ether, 

CioHjgO CHaCl 

Formicin. — Formaldehyde-acetamide, 

CHs CO NH CHgOH or 
CHg C( NH) O CHgOH 
Formidin. — Methylenedisalicy he iodide, 

Formitrol — Formaldehyde preparation 
Formolyptol See formitrol 
Formurol — Addition product of hexamethylene- 
tetramine and sodium citrate, 
CenuN4,C6HANa. 

Fredo — Calcium hydrosuiphite 
Farforln — A glyoxaline derivative, 
CgHjNalC^HjO), 


Qaduol.— Extract containing the alcohol-soluble 
constituents of cod liver oil 
Gallogen.— Ellagic acid, C, 4 H, 0 , 

Qaatrosan — Bismuth basihcylate 
OaultberiaaaloL — Methyl salicylosalicylate, 

HO CeH 4 CO 0 CeH 4 COOCH,. 

Olidine. — A protein preparation from wheat 
Qlonoin. — Nitroglycerin 
Olycarbin. — Glyceryl carbonate. 

Olycerin-fonnal. — A condensation product of 
formaldehyde and glycerol, O CH® O. 

CHjOH CH CHg. 

Olyeobrom. — Glyceryl ester of dibromohydrocin- 
nanne acid, QHa [0 CO (CHBrlgCeH]®. 
Olycocyimine — Guanidine acetic acid 
Olycosal— Monosalicylic ester of glycerol, 
C 3 lU 0 H) 8.0 CO C«H 4 ( 6 h) 

Qomaine — Solution of iodoform and camphor in 
sesam^ oil. 

OrlMiin, NoTOXii. — lodohydroxyquinolme sul- 
phonic acid, 

C.H 4 l( 0 H)(S 0 ,H)N, mixed with 
ao 7 oNaHCOr 


Ooaiaeliinol — Quinine dibromoguaiacolate, 
CeHgBra(OCH,)OH,CaoH5MN208 
Gnaiamaltin. — Mixture of malt extract and potaj 
Siam sulphoguaiacolate 
Goatannln. — Guaiacol tannocinnamate. 

Oynoyal — Isobornyl isovalerate, 

C4H9 COOCigHjiy 


Heotixia — Sodium benzosulpho-/ aminophenylar- 
smate, 

CgHg SOgNH CeH4 AsO(OH)(ONa) 
Hedlorite — Lactone of a-glucohcptonic acid 
Hdgonon. — Ammonio - suver nitrate - albumose 
(7 7. Ag) 

Helcosol — Basic bismuth pyrogallate, 

HO CgHgOaBiOH 
Helicon See acetosal 

Helmitol — Hexamethylenetetramine anhydrome- 
thylenecitrate, C4HiaN4,C7H807 
Hemlaine See adrenaline 
HermophenyL — Mercury sodium phenoldisul- 
phonate, (SOgNalaCgHaOlHg) 

Hetoform — Basic bismuth cinnamate, 

(CeHfl CH CH COalaB^BigOg 
Hetralin —Addition product of resorcinol and 
hexamethylenetetramine, 

C6Hi2N4,CeH4(OH)a. 

Hexal — Hexamethylenetetramine salicylsulphonic 
acid, C4Hi2N4,(H0)CeH3(C00H)S08H 
Hexamine —Hexamethylenetetramine, C0H1ON4 
Hexanatrin. — Combination of hexamethylene- 
tetramine and acid sodium phosphate. 
Hexanitrin. — Mannitol hexamtrate — 


CH20(N02)(CH0 N02)4 CHaONOa- 
Histamln. — / 9 - Iminazoly lethy lam 1 n e 
Homorenon, — Ethylaminoacetop) rocatechol hy- 
drochlonde, 

(HO)a CgHg CO CHa NH{C2H4),IIC1 
Hopogan See magnesium perhydrol 
Hydramin — A combination of /-phenylenedia- 
mine and quinol 

Hydrargol —Mercury succinimide, 
[C2H4(CO)2N]9Hg 

Hydrargotin — Mercury tannate (50®], Hg) 
Hydraraan -Solution of a mixtuie of arsenious, 
mercuric, and potassium iodides and anti- 
p> rine 

Hydrlodol See cypridol 
Hydropyrin. See apyron 
Eydroanlphite N F — Condensation product oi 
formaldehyde and sodium hydrosuiphite; a 
mixture of formaldehyde soaium bisulphite, 
NaHSOgjCHgO, and formaldehyde-sodium 
sulphox) late, NaHSCajCHgO 
Bydrosnlphite N F extra, or cone , or extra 
cone. — Formaldehyde-sodium-sulphoxylate 
HyperoL — Compound of hydrogen peroxide and 
urea, with a trace of citnc acid to render it 
stable 

Hypnogen. See veronal 
Hydraldite A. See hydrosuiphite N F. 
^draldlte C. See hydrosuiphite N F extra. 
XaebioL— Silver fluoride. 

Iditbargan.— Silver ichthyolsulphonate (30 7t 
Ag) 

lobtliermoL — Mercury compound of ichthyol. 
lobtlioanlpliol. —Ichthyol. 

Icbthynal. See ichthosulphol. 

XchtbyoUdln.— Piperazine ichthyolate. 

Xchtbyol sallcyL— Mixture of ichthyol and sodium 
salicylate. 
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Zmofftn. — Sodium diaminonaphtholsulphonate, 
(NHa)aCioH5(OH)SO,Na. 

Indoform — Salicylic methylene acetate ; from 
formaldehyde and acetylsaticylic acid 
In8l]»lii. — Diglycollic ester of quinine sulphate, 
(CHaC00.C»H28N20)*0,HaS04,3Ha0 
lodanytol — lo 7. solution of iodine in anytin (a 
33 7« solution of ichthyol) 
lodeigon — Albuminpreparation containing iodine 
lodin — Ipdised arachis oil. 
lodinoL — Iodised sesam^ oil 
XddlTal. — Monoiodoisovalery lurea, 

(CH8)8CH chi CO NH CO NHg. 

lodocol — Prepared from guaiacol and iodine in 
sodium iodine 

lodofaiL — Monoiododihydroxybenzene - formalde- 
hyde 

lodoglidine — Preparation of wheat gluten con- 
taining 10 Yo I 

lodOglobiiL — Di-iodotyrosine^ 

HO CeHala CHa CH(COOH)NHa. 
lodoglnten — Preparation of vegetable albumin 
containing 8 Vo I 

ledolen. — Combination of lodol (tetra lodopyrrole) 
and albumin ; contains 30 7o ^dol 
lodoLn. — Quinoline chlorumethyliodochlonde, 
CaH^NlCiraOClI. 
lodolinum. See lodolin 

lodolyaiiL. — Preparation similar to tiodine , con- 
tains 43 thiosmaniine and 47 7o I 
lodomenim — Iodised casein containing bismuth 

(10 7 oi) 

lodophenln — Tri-iodophenacetin 

lodoprotein — Albumin preparation containing 

107. 1 

lodozol — Di iodo-/-phenolsulphonic acid, 
CeHjT2(0H)S08H,3H20 
lodylln — Bismuth lodosalicylate 
lodylolorm —Iodised gelatin (10 7 o I)* 
lohydrin — Di-iodoisopropyl alcohol, 

CHgl CH(OH) CH,I 
lothion See loh} drin 
Xaarol.— See ichthosulphol 
Xsoform — Iodox)anisol, CHjO C^H^ lOg. 
Isopral. — Tnchloroisopropyl alcohol, 

CCI3 CH{ 0 H).CH 3 
IstiziiL — I 8-Dihydroxyanthraqninone 

JecoTOh — Emulsion of cod liver oil with glycero- 
phosphates of sodium, calcium, and iron 
Joha — Solution of 40 7 o of salvarsan m lodinol 
Kaohin. — A pyrocatechol photographic developer 
KakodyXJaool See cacodyliagol 
Xalmopyrln. — Calcium acetylsalicylate, 

(CgHaO 0C«H4 COOljCa. 

Xalzotei — Casein preparation containing calcium 
SephaldoL — Prep^ation made from phenetidine 
and salicylic and citric acids 
Xlnatiiie. — Combination of quinine and hecUne. 
Xtnanzl&e. — Quinine glycerophosphate, 

C 3 Hf 08 H 9 p 09 (C^Hj^N 202 ) 2 * 4 l^ 20 * 
Sioroniiun l>roinide.--^tronuum bromide, 
SrBrjybHoO. 

EMlot.— Mixture of tar distillates and rosin soap 
solution. 

XrUMgoL See cresegol 
XMostarU. See cresostenl. 
nryogaaiiL See cryogenm. 
l^iiriiL~-/-Hydroxyqumoline, C9H2(OH)N. 

laotagoL — Powdered extract of cotton-seed. 
laetmliL-* Bismuth bilacto-monotannate. 

47 


Laeteol. — Preparation of lactic acid baccilli. 
Laotigen. See laeteol 
Laotilloida See laeteol 
lACtobacoUline See lacteoL 
Lactone See laeteol 
TAxans See purgen. 

Lazatol See purgen. 

Laxen See purgen 
Lazoin See purgen 
Lecithol — Lecithin from egg yolk. 

Lecutyl — Combination of lecithin and copper 
cinnamate (i 57 <, Cu) 

Lenicet — Basic aluminium acetate- 

A’ 2 ( 0 H) 2 (C 9 H 302 ) 4 .H 20 

Lentin — w-Phenylenediamine hydrochloride, 
CeH 4 (NH 2 ) 2 . 2 HCl 

Leptjmol — Colloidal palladous hydroxide sus- 
pended in sesam^ oil 

Leucoline — Quinoline, C8H4<(^^ 

Lexurargyre — Mercury compound of nucleopro- 
tein 

Leruretin — Dried yeast cells 
Levurinoae See levurelin 
Lipobromol — Brominated poppyseed oil ( 337 of^*‘) 
Lipoiodin — Di 10(1 obrassidic acid eth)l ester, 
CICO2C2H3 

Lithium diureton. — Addition product of theo 
brommehthium and liihiumsahcylate, 
C7H7N40 oLi,H 0 CeH4 COgLi 
Lithyol See ichthosulphol 
Lodal — An oxidation product of laudanosine 
Lofotol — Cod li\er oil charged with carbon di 
oxide 

Lncidol — Benzoyl peroxide (Cgllg C00)202 
Luesan — Glidine preparation containing mercury 
Luminal — Phenyl ethyl malony lurea, 

QHsX c/CO NIi\p^ 
CeHo/^XCO NH/^^ 

Lycm See acidol 

Lygosin. — Di-hydroxydibenzalacetone, 
HOC6H4CH CHlgCO 
Lysochlor Chloro m cresol, CeH3Cl(CH|)0H 
Lysotorm — Aliquid foimaldehyde potasaium soap 
Magnesium perhydrol — Mixture containing mag 
ncsia and 15 or 25 MgO^ 

Malonal See veronal 
Malourea See veronal 

Maltyl — Dry malt extract; contains alxwt 90 7 ^ 
of soluble carbohydrates 
Maretin — w-Tol)lsemicarbazide, 

CHs CgH, NH NH CO NIIj. 

MaricoL — Magnesium ricinoleate, 

(HO Ci^H 32 C 02 ) 2 Mg 
Medinal — Sodium compound of veronal 
Melrubin — Sodium 1 phenyl-2 3 -dim ethyl pyra- 
zolone-4 aminomethane sulphonate, 
CuHiiNgO NH CHa.SO,Na 
Melubrin. — Mercury salicylsulphonate 
Menthophenol. — Mixture of phenol i, menthol 3 
parts 

Mercuxiocolaolo — Double oleate of cholesterol 
and mercury 

Mergal — A combination of mercury cholate and 
albumin tannate. 

Meijodin — Mercury dModophenol-/-sulphonate, 
(HO QHglg-SOslaHg 

Herluaan — Mercury compound of tyrosine (53 7 » 
Hg), CaHaOgNlIg 

Merochjjial —Mercury hydroxyquinoknesulpho- 
nate, (HO.CoHjN.SOJgHg. 



682 


APPENDIX IL 


Mesotan —Salicylic methoxympthyl ester, 

HO CeTl4 COO CHg-OCHs. 

Meihosixi — Antipynne (phcnyldimcthylpyrazo- 

lone, 


C«Hs p 

Methylrhodin —Methyl acetylsalicylate, 

CgllsO O CeH^ COgCHa 

Metoquinone — Addition product of metol 
(meth>l /-arainophenol) and quinol, 
CehUHOiCIIslNH CeH4 OH^ 
Metramine See hexamine. 

Migralgine — Mixture of antipynne 88, caffeine 
9, and salycylic acid 3 parts, fused together 
Momordicine — Elaterin, CgoHggOg 
Monotal — Guaiarol methyl glycol late, 
CHafOCHa) COOCeH4 OCH3, 
Morphosan —Morphine methyl bromide, 
C^HigOaN CHjBr.HaO 
Mucogeene — An anthraquinone derivative, 

CisHiaNgOgCl 

Mydriaslne — Atropine methyl bromide, 

Ci 7 H 23 N 03 ,CH 3 Br 


Naphtholsalol -^-Naphthyl salicylate, 

HO CflH4 COO CjoH,. 

Narcyl — Ethylmarceine hjdrochloride, 

C 23 H 26 (CaH 5 )N 08 ,HCl 

Nargol — Silver nucleinate (10 7 o 
Nealpon See pantopon 

Neofonn. — Bismuth compound of tri-iodophenol, 
CgHglgO Bi(OH Ig, BigOg 
Heoleptoh — Triformyltrimethylenetriamme 
Neopine — Hydroxycodeine, CigHaoNOjfOH) 
Neopyrin — Valerylaminoantipyrine 
Neosalyarean. — Sodium 3 3'-diamino-4 4'-dihy 
droxy arsenobenzene formaldehyde sulphoxy- 
late, 

NH, CeH,(OH)As As C,H.( 0 H)NH(CH, 0 )S 0 Na 
Neosiode — lodocatechin (Oi Hi40g, 31120)3! 
Nerolin — ^ Naphthyl methyl ether, C10H7O CH3 
Neuraltein. — Sodium /-ethoxyphenylammomc- 
thanc sulphonatc, 

Callao CeH4 NH CHg-SOgNa. 

Neuronal — Diethylbromo-acetamidc, 

(CaHgljCBr CO Nllg 

Nitron — I 4 ’Diphenyl - 3 5 endanilodihydrotria- 
zole, 

N(C,H,) N 

CH N(C,Hs) C 

Nizln — Zinc sulphanilate, (NHg CgHg SOglgZn. 
Novargan — Protein preparation containing 10 
Ag 

Noyaapirin — Methylenecilrylsalicylic acid 
Novatophan.— Ethyl 6*methyh2-phenylquinoline- 
4'Carboxylate, CgHg CflH4N(CH8)COOC2H5 
NoyifoniL — Bismuth compound of tetrabromo- 
pyrocatechol. 

Novooaine — /•Aminobenzoyldiethylaminoethanol 
by drochloride, 

NH2.CeH4CO O CH3 CH2.N(CaH5),HCl. 
Novocol — Sodium monoguaiacol phosphate. 
Nudeogen —Preparation containing iron nuc- 
leinate and arsenic. 

Oleanodyne —Preparation containing oleic acid, 
aconitine, atrophine, morphine, and veratrine 
Oleoguaiacol — Guaiacol oleate, 

CH,0.C8H40.C0.Ci7H«. 


Omnopon. See pantopon. 

Omorol. See novargan. 

Optoobln — Ethylhydrocupreine 
Orexin — Phenyldihydroqumazoline. 

Oraudan —Sodium methyl acetyl p aminophcnyl 
arsinate, 

CallgO NH CgH3(CH3) AsO{OH)(ONa) 
Ortlson. See hyperol. 

Oyoferrin — Vitellin preparation containing iron 
Ozylith — Sodium peroxide. 

Oz3rntin — A combination of albumin and hydro 
chloric acid. 


Palmlaool See cetiacol. 

Pantopon. — Mixture of the soluble hydrochlorides 
of opium alkaloids 

Parabismut — Bismuth paranucleinate 
Paracodine — Dihydrocodeme, 

C,7 Hi2 (OCH3)(OH)NO 
Paralysol — Solid cresol preparation, 

CgH,(CH8)OK,3CgH4(CH3)OH. 

Parazin. — D methylamino-i 7-dimethylxanthine 
C CO N(CH3) 


(CHglaN C 




N- 


: NH CO 


Fegmina — Preparation of lactose and rennet 
Pellidol — Diacetylaminoazotoluene 
Pepsalia — Preparation of pepsin and sodium 
chloride* 

Perboraz — Sodium perborate, NaB03,4Hg0. 
Perborol See pcrborax 
Perhydrlt See hyperol 

Perhydrol — Solution of hydrogen peroxide, 100 
vol , or 30 7o by weight 
Permidan — Dimethvlaminopyrazolone, 

QHgNgO 

Pbenalgin — Phosphoammonioaccetanilide 
Phenamine — Ammo-acet*/ - phenetidine hy dro- 
chlonde, 

CgHgO CgH4 NH CO CHg NHg.HCl 
Phenolaz See purgen 

PhenoeaL — Monophenetidide of salicylacctic acid, 
COOH CgH4 O CHg CO NH C8H4 OCjHg. 
Phenoyal — Bromovalerylphcnetidme, 

C4H8Br CO NH CgH4 OCgHg 
Phenyform — Condensation product of phenol 
and formaldehyde 
Phenylon. See methozin 
Phobrol — 50 7 o solution of chloro z//-cresol in 
potash castor oil soap 
Photozylin See celloidin 
Pioraatol — Dimethyloldiformylmethcnyltetrame- 
thylcnepentamine, C9H17N5O4. 

Picratol. — Silver picrate 

Pinakol — A pyrogallol photographic developer in 
which part of the alkali usually employed is 
replaced by sodium aminoacetate 
Piral — Pyrogallol, CgHgl 011)3. 

Plecayol — Consists chiefly of ^-aminobenzoyleu- 
genol, NHg CeH4C6.0 CgHa(C8Hg)OCH3, 
tricresol (a mixture of the three cresols), and 
formaldelWde. 

Pleiitopon.— Similar to pantopon, except that it 
contains no narcotine 

Fneuxnin.— Condensation product of creosote and 
formaldehyde. 

Pneumosan. — Amyl thiotrimethylamme 
PropsMln — Propyl ester of /-aminobenzoic acid, 
NH8.CgH4 COOCjHy 
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Proponal — Dipropylbarbituric acid, 

(^»H»)aC<ycO.NH^CO 

FropoBOte — Creosote phenylpropionate 
Frotosal — Salicyclic acid glycerol formal ester, 
OCH2O 

HO.CdH^ CO O CH2.CH— CHg 
Frotylin — Albumin preparation containing phos- 
phorus. 

Fnrgatin — Anthrapurpunn diacetate, 
CuHA(OH)(0 
Furgatol See purgatm 
Purgen — Phenolphthalem, 

Fyoktanin — Methyl violet, 

[C6H4 N(CH3)2i(CeH4 NH CHJC Cl 
Fyracetosaijl. — Addition product of antipyrine 
and acetylsalicylic acid, 

CnHiaNaO + QHsO OCeH4 COQHi. 
Fyrobromone — Bromodimethylaminoantipyrme 
Pyronal —Antipyrine salicylacetate, 

CijHiaNgO.HO CqH^CO CHg COOH 
F3rrophan —Combination of pyrogallol and dime- 
thylamine 

Quietol — Dimeth>lammodimethylisovalcrylpropyl 
ester hydrobromide 

Qumaphenin — Phenetidine quinine carbonic ester, 
CO(NH CA OCaH5)(C«H28NA) 
Quinaphthol —Quinine p naphtholsulphonate, 

CaoH24N202,(HO CioH^ 

Quineonal —Compound of quinine and veronal 
Quinine lygosinate — Dihydroxydibenralacetone- 
quinine, 

CO(CH CH CeH40H CaoHa^NgOjJg. 
Qnlnoform — Quinine formate, CaQHa4N202, 
HCOOH , also a condensation product of 
cinchotanmc acid and formaldehyde 
Quinopyrin. — A combination of antipyrine, 2, and 
quinine hydrochloride, 3 parts 
Quinosol — Mixture of hydroxyquinoline and 
potassium sulphates, CjHflN0S0iK,4H20 
Quinotropin — Hexamethylenetetramine quinatc, 
C6H,2N4,C«H^(0H)4C02H 

Kegulin, — Broken-up agar agar with 25 7o 
Cascara-extract 

Besaldol — Resorcylbenzoic acid ethyl ester, 
(HOgCeHs CO CeH4 COAH^ 

Eezotan. — Methylenhtannm urea, 

C14HA CHg NH CO NH2 
Bheumatin — Saloquimne salicylate, 

HO C6H4 COO C2 oH 23N20,C6H4(OH)COOH 
Rhodaform — Addition product of hexamethy 
lenetetramine and methyl thiocyanate, 
CeHi8N4,CH3CNS 

Biopan — Soluble brown powder containing 60 7o 
of ipecacuanha alkaloids in the form of their 
hydrochlorides 

Bongf^te 0 See hydrosulphite N F. «xtra 
Sabromlne — Calcium dibromobehenatc(29 7o 

( C22H4iO^Br2)2Ca 

Sajodin — Calcium monoiodobehenate, 

( C22H42O2I )2Ca 
Balaoetin See acetosal 
Baletln See acetosal 

Balibroznin, — Dibromosalicylic methyl ester, 
CfillgBralOHlCOOCHg. 

Salicreol — Creosote salicylate. 


SaUmenthol — Menthyl salicylate, 

HO CflH4 COOCioH,2. 

SaUt — Bornyl salicylate, HO C,Hj.COO,C,«II,* 
Salocreol See salicreol 
Saloquinlne — Salicylquinme, 

HO CeHa CO2.C20H23N2O 
Salufer — Sodium silicofluonde 
Salvarsan — Dihydroxydiammoarsenobenzcne 
dihydrochloride, HCl NH2(OH)C4Hs As As, 
C6H3(0H)NH2HC1,2H20 
Salvarsan, New. See neosalvarsan 
Santheose — Theobromine, C5H2(CH8)2N402, 
Santyl — Santalyl salicylate, 

HO CA COO C13H23 
Bauerin —Preparation of lactic acid baccilli 
Bavore —Preparation of milk, cereal proteins and 
albumoses, and carbohydrates 
Bcopomorphine — Stenlisea soluiion containing 
per c c , o 0006 grm of euscopol and o 015 
grm of morphine hydrochloride. 

Bedeff — Effervescent preparation containing 
opium, bismuth, and digestive ferments 
Bennatin — Preparation containing the active 
principles of senna leaves 
Bennax — Preparation containing the water 
soluble glucosides of senna leaves 
Bidonal, New — Mixture of quinic acid, 

C6HJ0H)4C02H, and its anhydride. 
Boamln — Sodium arsanilate, 

NUg-CA As0(0H)(0Na),5H20 
Bolnrol — Thyminic acid (nucleotinphosphonc 
acid), C3oH4gN40j5(p205)2 
Somnoform — Mixture of ethyl chloride 60, 
meth>l chloride 35, and ethyl bromide 5 7o 
Sophol — Silver formonucleinate (20 7o Ag) 
Spirarsyl — Sodium salt of arsenophenylghcine, 
(COgNa CHg NH 

Bpirosal — Monoglycol ester of salicylic acid, 

HO C6H4 COO CH8.CH2OH 
Btearosan — Compound of santalol and steanc 
acid 

StOTaine —Hydrochloride of dimethylamino ter- 
tiary amyl benzoate, 

C4H3COO C(CH3)(C2H3)CH2N(CH3)2,HC1. 
Styptol — Cotarnme phthalate, 

(Q2H,3NO,)2,CeH4(COOH)2 
Subcutin — Ansesthesin phenolsulphonate, 
C6H4(C00C2H3)NH8,H0 C 6 H 4 SOgH 
Bublaii^e — Mercuric ethylenediamine sulphate 

(43 7o Hg) 

Sucramine — Ammonium salt of saccharin 
Sulfoid — Preparation of colloidal sulphur (80 7« 
S) with an albuminous substance as protective 
colloid 

Bulpbofonn — Triphenylstibme sulphide, 
(CgHglgSbS 

Buprarenaline See epinephrine 
Suprarenine See adrenaline 
Bynthalin — Piperonylquinolinecarboxylic acid 
methyl ester, CH2O2 CgHj CAN COOCH, 
Byrgol —Colloidal silver 


Tacbiol — Silver fluoride. 

Tanargan — A combination of tannin and silver 
albuminate 

Tazminphenolmethane —Condensation product of 
tannin, formaldehyde, and phenol 

Tannintbyinolmetbaiie — Condensation product 
of tannin, formaldehyde, and thymol. 

Tannlsmath — Bismuth bitannate. 

Taxmisol — Mcthyleneditannm (Ci4H209)2CH2. 
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TAimobromliit. — A combination of dibromotannm 
and formaldehyde. 

TUuiooreoaofonn. — Condensation product of 
tanniD) formaldeh>de, and creosote. 
Tannogttaiafbrm. — Condensation product of 
tannin » formaldehyde, and guaiacol 
Tannothymal. See tanninthymolmethane 
Tannyl. — Oxychlorocaseir tannate 
Tenoiin. — Solution containing, per c.c., 00005 
grm of /S-iminazolyleihylamine and o 02 grm 
of /-hydroxyphenylethylamine 
TeatiiJodyl — Combination of coagulated blood 
albumin and iodine 

Theobromosd. — Lithium compound of theo- 
bromme, C7H7N408Li 

TheootxL — Sodium compound of theobromine, 
QH^N^OaNa 

TheolacUn. — Addition product of theobromine- 
sodium and sodium lactate 
Theosalin — Addition product of theobromine- 
sodium and sodium sulphosalicylate, 
C7H7NANa,QH403 SOsNa 
Tbephorin. — Addition product of theobromine- 
sodium and sodium formate, 

QH^NANa, HCOgNa, HjO. 

Thezmlol — Sodium phenylpropiolate, 

CjHs C aCOgNa. 

Thialion — Preparation containing sodium sul- 
phate (26 7o)» citrates of sodium (56), potas- 
sium (3) ana lithium (3), sodium chloride (3), 
and i^ater (9 7o)* 

Thigenol — Sodium salt of ichthoform (condensa- 
tion product of ichthyol and formaldehyde). 
Thlophytiem See tiodme 
Tholafonn.— Mixture of equal parts of menthol 
and trioxy methylene 

Throphleol —56 */ solution of erythrophleine 
hydrochloride (from casca bark) in eugenol 
ThymatoL— Thymol carbonate, CO (0 CioHj^lg 
Thymegol —Mercury potassium salt of thymol-/- 
sulphonate. 

Thymolin — Mixture of naphthalene 18, camphor 
I, and thymol i part 

Thymoloform — Condensation product of formal- 
dehyde and thymol 

Thyresol — Santalol methyl ether, CigHaaO.CHj 
Tiodlne — Thiosinamine ethyl iodide, 

C3H3 NH CS.NH8,C8HJ 
Toz]nion. — Sodium /w-acetylammomercuribenzo- 
ate, HgOH CeHj(NH CgH^OCOaNa 
Tricalcol — Colloidal combination of tncalcium 
phosphate and albumin. 

Trloarbin. See glycarbm. 

Triferrln. See ferrinol. 

Trlgemin — Compound of butyl chloral hydrate 
and pyramidone (dimethylaminoantipynne) 
Trllactina — Preparation of lactic aad bacilli 
Trlnltrin. — Nitroglycerin. 

Trtxldin. — An emulsion of antimony trioxide 
(3o*/.Sb,0,) 

Tryen. See griserin, novum. 

TrygAM. — Dried yeast cells. 

Tlypta Red. — Prepared from tetrazotised benzi- 
dinesulphomc acid and 2 mols of sodium 
naphthylaminedisulphonate, 

(SO,H)CeH^Na.CioH4(SO,Na)aNHa 

CJl4.Nj.CxoH4(SO,Na)2Nir» 


Tryparosan. — Chlorinated parafuchsiiL 
Tylcalsln. See kalmopynn. 

TyllithiiL See apyron 
Tyimarin. — Acetyl 0 coumanc acid, 

CgH.O OCjH 4 CH C» COgH, 
Tyinatrin. — Sodium acetylsahcv late, 

CaHjO OC8ll4 COONa 

Tyramine -/-Hydroxyphenylethylamine hydro* 
chloride, HO C«H4.CaH4 

Ulmarene. See mesotan. 

UnaL — Alkali salt of /-aminopbenol hydro 
chloride; rodinal is the concentrated solution. 
Uraminoantlpjndn — Antipyrylur a, 

NH2.CO NH CiiIlaNaO. 

Urapnrgol See helmitol 
Vrea-bromlne — Combination of urea and calcium 
bromide (36 7* Br),4CO{NHi)2,CaBr2 
Ifritond See hexamine 

tTrodtral — Addition product of theobroniine- 
sodium and sodium citrate 
Urodonal — Granular preparation of hexamethy- 
lenetetramine, sidonal (piperazine quinate), 
and lysidme (methylglyoxalidine) 

Urogenin — Additiou product of theobromine and 
lithium hippurate, 

QH 8 N 402 ,C 8 H 5 CO NH CH8.CO2L1 
Urol — Urea quinate 

Urosin — Lithium quinate, C4H7(OH)4COOLi. 
Urotroplne, New. See helmitol* 


Valamln —Isovaleric ester of tertiary amyl 
alcohol 

ValearixL — Valervltrimethylammonium chloride. 
Valisan — Bornylbromoisovalerate, 

C4H8BrCO OC10H17. 

Valyl — Valeric diethylamide, 

C4H8 CO 

Veronal — Diethylbarbitunc acid (diethylmalonyU 

urea), 

(QH.),C<(g3 N||>CO. 

Veropyrln. — Mixture of dionine (ethylmorphme 
hydrochloride) o 01, veronal -sodium o 2, and 
kalmopynn, o 5 part 
VeBalYlne See hexamine 
Veeipyrlne — Phenyl acetylsalicyhte, 

Cl la CO OCgH^ COOC,Hc 
Vimopyrln.— /-Phenetidine tartrate 
Vloforxn — Hydroxyquinohnc chloroiodidc, 
CaHeNlOIUICl 

Vitafbr. — Preparation of milk and glyceropbos 
phates of calcium and sodium 

Xaza. See acctosal 

Xazaquln —Quinine acetylsalicylate, 

Cj^H84 N802 .ch3 C0 oc«H4 cooil 

Tara-yara See nerohn 
Tatren. See griserin, novum. 

gymin — Special dry powdered yeast 
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Abel heat test, 624 
Abies canadensis, 574 
Abietic acid, 199, 200, 338, 339 
Absolute recovery process (molasses sugar), 
161 

Acacia, 346, 486, 573, 574 
Acagine, 400 
Accroides, gum, 348, 350 
Acetal, 251 

Acetaldehyde, 251, 300, 332, 376, 385, 605 
Acetanilide, 606 
Acetate silk, 214, 216 
Acetates, 331, 332 

— aluminium, 331, 526, 549 

— amyl, 383, 305 

— borneol, 138 

— butyl, 383 

— calcium, 326, 330, 526, see Calaum 

acetate 

— cellulose — see Cellulose acetate 

— ethyl, I43> 251, 382, 383 

— geranyl, 138 

— glycerol, 383 
iron, 332 

— lead, 331, 332, 526 

— lime, 326, 328, 330, 526 , see Calcium 

acetate 

— Iinalyl, 138 

Acetic acid, 20, 195, 251, 293, 315 317, 330*332, 
545, 581 , bacteria, 224, 3i5»3*6, chlor- 
acetic acid from, 460 , glacial, 330-332 , 
latex coagulation by, 354 , literature, 
323. 330 » properties, 331 ; specific 
gravity tables, 331 , statistics, 331 , uses, 
331 , wine, 245, 246, 317, wood, 325, 

330 

— anhydride, 187 

— ether, 382, 383 

— senes acids, 20 
Acetifiers, 316 
Acetin, 20, 209, 383, 624 
Acetonitnte, 417 
Acetophenone, 434 

Acetone, 22?, 225, 330, 333, 359, 366^, 366/, 
378, 605, 639 ; manufacture, 333 , pro- 
perties, 333 ; recovery, 640, 641 , reduc- 
cion, 366^ 435 ; solvent for acetylene, 
401 ; statistics, 333 ; uses, 333 
Acetone bisulphite, 640, 641, 660 

— chloroform, 380, 60S 
Acetone-sulphite Bayer, 660 

Acetyl value, 55 ; of hardened oils, loq^ 
Acetylatoxyl, 613 


Acetylene gas, 40 1 -407 , acetone cyl indei s, 40 1 
405 , alcohol from, 283, 406 , compressed, 
401 , decomposition, 401 , dissolved, 405 , 
explosions of, 401 , generators, 402, heat of 
combustion, 401 , heat of formation, 401 , 
hydrogen from, 406 , illuminating effi- 
ciency, 408 , impurities in, 402 , isoprene 
from, ^66d , manufacture, 401, properties, 
401 , purification, 403 , railway use, 405 , 
solution m acetone, 401, 405 , synthetic 
rubber from, 405 , uses, 405 
Acetylene black, 401, 406 

— blowpipes, 403, 406 

— burneis, 405 

— flames, 401 

^ illuminating, 60, 401, 403, 404, 405, 408 

— lighting, 402, 403, 408 
Acetylsalicylic acid, 606 
Acheson’s deflocculated graphite, 5, 12 

— graphite, 506 
Achro-dextrmes, 177 

Acid, abietic, 199, 200, 338, 339 

— acetic— see Acetic acid. Acetates 

— acetylsalicylic, 606 
’ — acrylic, 21 

— adipic, 3666 

— ajthanthylic, 20 

— alizarin, 553 

— amidobenzoic, 430 

— ammonaphthol smI phonic, 433 

— amiiiophenylaisonic, 613 

— angelic, 21 

— anthraflavic, 452 

— anthranilic, 430, 460 

— arachidic, 20, 74 

— behenic, 20 

— benzenedicarboxylic, 430 

— benzene monosulphonic, 431 

— benzene disulphonic, 431 

— benzoic, 429, 430 

— bone, 25, 245 

— butyric, 20, 74, 320, 330, 331, 383 

— capnc, 20 74 

— caproic, 20 

— caprylic, 20, 74 

— carbolic — see Phenol 

— carminic, 485 

— carnaubic, 20 

— catechutannic, 549 

— cerotic, 20 

— chlorosul phonic, 431 

— citric — see Citnc, acid Cttfales 

— Clives, 444 , 447 

— cresyiic — see Cfesoi 

— crotonic, 2 1 
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Acid, cyanoacetic, 6i6 

— diethylbarbituric, 609 

— elaeomargaric, 21, 45 

— elaeosteanc, 21 

— ellagitannic, 573 

— euxanthic, 486 

— formic— see Formic actd 

— fulmmic, 637 

— fuming sulphuric, 431 

— gallic, 489, 490 

— gallotannic— see Galloianmc acid 

— hyaenic, 20 

— hydrofluoric, 291, 354 

— hydroxyphenylarsonic, 614 

— hydroxysteanc, 98, 99 

— hypogaeic, 21 

— mdanthrene sulphonic, 455 

— indigo sulphonic, 461 

— indoxylic, 460 

— iso>crotonic, 21 

— iso-olcic, 92, 95 

^ isovaleric, 384. 385 

— lactic— see Lactic acid 

— laexulmic, 358, 366, 366# 

— lanuginic, 532, 547 

— launc, 20, 42, 74 

— iinoleic, 21, 63 

— linolic, 21 

— mandehc, 607 

— margaric, 20 

— medullic, 20 

— nielissic, 20 

— melhionic, 381 

— methylanthranilic, 460 
mynstic, 20, 74 

— naphthylamine sulphonic, 432, 433 

— naphthylene-disulphonic, 432 

— nitrating, 423, 620 , see also Nitrating 

acid 

— nitric, 424, 620, 624, 625 ; see Nitric actdy 

Nitrating acid 

— nitrololuene sulphonic, 432 

— nondecylic, 20 

— oleic — see Oleic acid 

— oxalic — see Oxalic actd 

— oxystearic, 90, 92, 95 

— palmitic, 74, 89, 94, 95, 99 ; see also PaU 

mitic actd 

— paranitrobenzoic, 435 

— pentadecatoic, 20 

— perlagonic, 20 

— phenyl acetic, 136 

— phenylglycine*^ 7 -carboxyliCj 459, 460 

— phenyIhydrazine"/-sulphonic, 433 
~ phthalic, 430, 460 

— picric— see Picric acid 

— propionic, 20, 330, 331 

— protocatechuic, 485 

— rapic, 44 

— recmolcic, 21 

— salicylic, 245, 430 

— santoninic, 614 

— sericmic, 532 

— stearic— see Steanc acid 

— succinic, 251 


Acid, sulphanilic, 432 

— sulphostearic, 98 

— sulphuric — see Sulphuric acid 

— tannic— see Tannic acid 

— tartaric— see Tartanc aad 

— thiosalicylic, 458 

— tiglic, 21 

— tndecylic, 20 

— undecylic, 20 

— valeric, 20 

— xylidene sulphonic, 432 
Acid anthracene (dye), 553 

— chrome colours, 553 

— colour lakes, 510 

— drench, 581 

— dyes, 546, 547 

— eosin, 547 

— green, 656 

— magenta, 469, 53i, 547 

— phloxin, 547 

— rhodamine, 547 

— values, 54, 62 

— violet, 470, 547 

— wool d>es, 442 

— yellow, 442 

Acids, acetic series, 20, aliphatic, 369-374, 
amido, 259 ; aromatic, 429-430 , butter, 
74 , estimation in wine, 250 , fatty 
aromatic, 92, 93 , fatty (see Fatty acids ) ; 
sulphonic, 431-433, volatile, 126, 250, 
waste, revivification of, 625 
Acidity, removal from wine, 245 
Acidylammoanthraquinones, 458 
Acorn galls, 490 
Acrylic acid, 21 
Acridin, 420, 428 
Acridine dyes, 478-479, 655 

— yellow, 478, 479 
Acrospire, growth of, 256 
Adant process for cube sugar, 166 
Addison’s disease, 612 
Adhesive power, testing, 184 

Adhesives, 79, 180, 183, 184, 211, 346, 593 596 
Adipic acid, 366^* 

— acid amide, 366^ 

Adjective dyes, 531, 533 

Adrenaline, 601, 6io-6x2 ; clinical uses, 612 , 
dcxtro, 61 1, 612 ; extraction from supra- 
renal glands, 611; laevo, 61 1, 612; 
racemic, 61 1 ; resolution of racemic, 61 1 , 
synthetic, 61 1 , 

Adsorption, 533 , colloidal, 548 ; compounds. 
533 

Adurol, 659 

Aerated waters, 249, 250 
Aerating cisterns for steeping, 258 
Aethanthylic acid, 20 
Aethantbylin, 20 
Affination process (su^ar), 164 
African rubber, statistics, 365 
After-fermentation, 244, 292 
After-flame ratio, 635 
After-treatment of dyes, 545 
Agar-agar gelatine, 214, 596 
Agave fibres, 516 
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Ageing process, 551, 557 
Agers, 544 
A^ulite 200 
Air gas, 399 

Akndin dyes — see Acrtdin dyes 
Aktiebolaget Hennksbor^ Fabrikea, ioo» 
Albumen, 560, 597, 654 , blood, 560 , coagu- 
lation of, 597 , decolourisation with, 164, 
decomposition of, 221 , egg, 597 , hydro- 
lysis of, 255, 259 , milk, 68, 69, 72, 80, 

, polymerisation of isoprene by, 366^, 
statistics, 597 ; uses, 597 

— colours, 560 

— papers, 661 

— powder, 180 

Albuminoids, coagulation of, 265 
Albuminoses, 77, 221 

Alcohol, ethyl alcohol, ordinary alcohol, 
278-313 , action of sulphuric acid on, 
381, aldehyde from, 374, benefit to 
agriculture of, 281 , boiling point of, 
295 , concentration producible by yeast, 
228 , consumption per head of popu- 
liftion, 279 , cost of production, 279 , 
dehydration by, 639 , denatured, 278, 

279, distillation of, 295-31 1 , ether from, 
380-382; estimation of, 250, 312, 313, 
extraction plant, 133, for collodion 
manufacture, 281 , for ether manu- 
facture, 281 , for heating purposes, 279 , 
for motor fuel, 279 , for varnishes, 
281 , heating value, 279, incandescent 
light from, 279, 408 , industrial, 278-314 

Industrial alcohol ) , Pasteurisation, 
305 , percentage of, in beers, 277, in 
mashes, 275, 295, in wines, 246, 248, 
in worts, 275, 295 , poisonous effects of, 
228, 279, 280, production from acety- 
lene, 283 , production from beet, 292, 
293, from carob beans, 283, from cereals, 

280, 281, 282 , production from com, 
283, 284, from ethylene, 283, from grape 
sugar, 221, from maize, 284, from 
molasses, 293 , production from potatoes, 
18 r, 280, 281, 282, 283, 284 , production 
from starchy materials, 280 283, from 
sugary materials, 280, 283, from wine, 
280, 283 , production from wood, 187, 
195, 294 , pure, preparation of, 296 , raw 
materials of, 280, 283, 284 , solvent pro- 
perties, 35, 133, 350, 359 , specific gravity, 
279, 313 ; stability of alcoholic liquors, 
245, 246, 275 , statistics, 280, 281, stor- 
age o^ 31 1, 312 , taxation, 280, testing, 
250, 312, 313, uses, 278; yield from 
starch, 292, 293 

Alcohol lamps, 279, 408 

— motors, 279 

— transparent soaps, 112-114 
Alcohol-ether, 212,041 ; recovery process, 641 
Alcoholic enzymes, 227 

— fermentation, 221, 222, 226 ; rate of, 239, 

240 , see also Beers^ Spirits^ IVtm 

— poisoning, 279, 280 

— strength of beers, 277 ; of mashes, 275, 
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295 , of wines, 228, 246, 248 , of worts, 

, 275,295 

Alcoholometry, 312-3 14 
Alcohols, different sorts * — 

Allyl, 330 

Amyl, 251, 298, 307, 314, 366r, 366^/, 383 
Butyl, 226, 251, 298, 314, 366, 366^ 

Cetyl, 52 

Essential oil, 133, 134 
Ethyl— see Alcohol 
Heptyl, 251 
Hexyl, 251 

Isoamyk 366r, 366^* see Amyl alcohol 

Isobutyl, 251 

Isopropyl, 435 

Methyl, 294, 332-333 

Octo-decyl, 52 

Perfuming, 136 

Propyl, 251, 298,314 

Alcohols, combinations with calcium 
chloride, 136 

Aldehyde, 300, 306, 316, 376 (see also 
Acetaldehyde) , butadiene from, 366^ , 
estimation of, in spirit, 313, synthetic 
rubber from, 366^, 366^'' 

Aldehydes, aliphatic, 374-376 , aromatic, 429 ; 

perfuming, 137, separation of, 136 
Aldol, 366 

Ales, brewing viaters for, 266, composition 
of, 277 , yeasts for, 229 
\leppo galls, 490 
Aleurites cordata^ 45 
Aleuronate, 180 
Algarobilla, 573 

Algole blues, 556; Bordeaux, 556, green, 
556 , grey, 556 ; orange, 556 , pink, 556 , 
reds, 556 , scarlet, 556 , yellows, 556 
Aliphatic acids, 369-374 

— chemicals, 369-385 

Alizarin, 439, 45i, 548, 552*553. dyeing 
processes, 552-553 , lakes, 552 , statistics, 
440 

— astrol, 453 

— black, 424, 553 , P, 454 , S, 480, 454 

— blue, 454, 553 , BB, 453 , GR, 453, S, 454 , 

bisulphite, 655 

— Bordeaux, 452, 553 

— brown, 452 

— cyanine, 553 , R,452 

— cyanine green, 453 

— cyclamin, 553 

— garnet R, 452 

— green, 553, 454, S, 454 

— heliotrope, 553 

— mdigo blue, 454, 553 , S, 454 

— insol, 453 

— maroon, 452, 553 

— orange, 452 , 553 

— pure blue, 453 

— red S, 452 , 3\VS, 452 

— saphirol B, 453 

— sky blue, 553 

— yellow, 553 , A, 480 ; C, 480 ; FS, 449 , 

GG, 443 
Alkalet, 385 
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Alkali blue, 469, $47 

— violet, 547 

Alkaloids of decay, 224 ; punne, 616 ; 

vegetable, 615, 616 
Alkalisite, 636 
Alligator skins, 569 
Allsopp, 253 
Allyl alcohol, 330, 332 
Allylisothiocyanate, 138 
Almond oil, 43, 54, 57, 61, 62 
Alpaca, 517 
tt-cucaine, 605 
Altar candles, 97 

Alum, 87, 502, 547 . action on glue, 593, 594, 
595 ) impregnation with, 190, 191 ; non- 
indammable fabncs from, 527 ; sizing 
with, 199, 200; soap precipitant, 123; 
waterproofing with, 526 , use as 
mordant, 550 ; tanning agent, 588 , see 
also Alumtnium sulphate 

— tannage, 588 
Alumina, in water, 266 

— sizing, 199, 200 
Aluminium, hydrogen from, 406 

— acetate, 331, 526, 549, 557 

— mordants, $49* 55^ 

~ pigments, 504, 50$ 

— powder, 504, 636, 638, 657 

— rosinate, 199 

— silicate, 366^ 

— soaps, loi, 526 

— sulphate (see also Alum), decolourisation 

by, 164, $94 , impregnation with, 190, 
191 , use as mordant, 550 
Alypme, 604 

Amazona rubber statistics, 365 
Amber, 347-348 , adulteration, 347 , con- 
stants, 350 ; solubility, 349, 350 , specific 
gravity, 350 

— cane, 169 
Ambcnte, 646 

American naphtha, 8 ;oil, 9, lo , petroleum, 
4, 5 , turpentine, 338 , amidazol, 546 , 
amide powder, 620 
Amides, 221, 259, 273 
Amido acids, 255, 259 

— compoufids, 435 
Amidoacetate, sodium, 659, 660 
<7-Amidobenzoic acid, 430 
Amidol, 6^8 

^Amidodiphenylamine, oxidation, 557 
Amidophenol, 427 
<9-Amiaophenols, dyes from, 443 
Amidophenetol cyanate, 171 
^-Amidosahgenin, 658 
Amidotnaiinesulphonic acid, 171 
Amine bases, 251 

Amino - acid soap — see Protein soap, 
116 

Aminoethylglyoxalmedi 3 
AminonaphUiol, 128 

— sulphonic acid, 433 
Aminophenols, 427 
Amtnophenvlanonic acid, 613 
Ammonal, 636 


Ammoncarbonite, 635 
Ammondynamite, 630 

Ammonia, 159, 189, 203, 213, 294, 395 » 459 ^ 
605^ 638 ; estimation, 408, 573 ; oxi- 
dation by bacteria, 225 , presence 
in coal gas, 393-396; refrigerating 
plant for oils, 39 ; removal from 
acetylene, 400; saponification by, 93, 
109 

Ammonia dynamite, 644 

— nitrate powder, 644 

— soaps, 93, 109 
Ammoniacal liquor, 393 
Ammonite, 635 

Amniotic water of potatoes, 287 
Ammonium borate, 19 1 

— ferrocyanide, 395 

— nitrate, 636 

— nitrate explosives, 634-636 

— nitrate powder, 644 

— persulphate, 182, 660 

— phosphate, 95, 527 

— picrate, 633 
-— salts, 95 

— soaps, 93, 109 

— su’phate, 190, 191, 395, 527 

— sulphoichthyolicum, 614 
Amvis, 535, 644 
Amvgdalin, 221 

Amyl acetate, 49, 314, 383, 385, 410 

— alcohol, 251, 298, 300, 303, 314, 366^, 

366^/, 383 

— butyrate, 383, 385 

— caprionate, ^84 

— chlorides, 3^/ 

— formate, 385 
Amylcne hydrate, 380 
Amyl isovalerate, 383, 38$ 

— nitrite, 385 

— salicylate, 138 
Amylase— see Diastase 
Amylcne chloral, 608 
Amylodextrine, 264, 265 
Amylomyces Rouxn, 286 
Amylopcctin, 175 
Amylo process, 226, 286 
Amyloid, 187, 294 
Amyloins, 264, 265 
Amylose, 175 
Anacardiacect^ 49 
AnacareUum occuientale, 492 

— onentale^ 492 
Anterobic bacteria, 224 
Anxsthestne, 604 
An.esihctics, 377, 378, 602-606 
Analysers (stills), 297 
Anethol, 135, 137, 13^ 

Angelic acid, 21 

Angeli^ 283 
Anglesite, 500 
Anglo-American presses, 37 
Angora wool, $17 

Aniline, W- 43 )S, 439. 459» 460, 467, 460 { to 
blue, 425 ; for red, 425 ; for samnin, 
425 j oxidation of, 43S. 557 
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Aniline bUck, 480; ageing process^ 557 ; 
agers, 544 ; dyeing processes, 544, 556, 
557 ; marking ink, 493 

— blue, 439, 469, 4^9 

— hydrochlonde, 192 

— oils, statistics, 440 
Animal black, 38, 164, 505 

— charcoal — see Animal black 

— fats, classification, 39 ; differentiation 

from vegetable, 66 , see Ammal oils 

— fibres, 5*7-519, dyeing, 532, 544 

— oils, 19 et seq ; differentiation from 

vegetable, 66 , manufacture, 24-26 , 
statistics, 22, 23, 24 ; varieties, 40-41, 
52-53, 54-60 

— size, 203 ; see also Glue 

Animi, 347 , constants, 350 ; virgin, 347 

Anisaldchyde, 137 

Aniseed oil, 135, 138 

Annatto, 75, 483, 485, 546 

Anschutz chlorofonn, 378 

Antheraa myhtta^ 518 

Anthion, 660 

Anthraeene, 419, 421, 451 

— blue, 452 

— brown, 553 

— dyes, 439, 440, 45**458 

— oils, 417 

— vat dyes, 439, 454-458 

— violet, 553 
Anthraflavic acid, 452 
Anthraflavone, 455-456 
Anthragallol, 452 
Anthranilate methyl, 1 38 
Anthranilic acid, 430, 460 
Anthranol, 456 
Anthrapurpurin, 45 1 
Anthraquinolines, 454 
Anthraouinone, 421, 434, 451 

— acridines, 458 

— blue, 553 

— green, 553 

— thioxanthones, 458 

— violet, 453, 553 
Anthrarufine, 452 
Antichlor, 199 
Antifebnn, 606 
Antihypo, 660 
Antipyretics, synthetic, 606 
Antipynne, 380, 383, 606 607 
Antiseptic, 380 , in beer, 275 , in wine, 245 ; 

influence on fermentation, 228, 241 ; 
wood tar, 330 
Anti-toxins, 224 
Antimonin, 319 
Antimony lactates, 319 

— pigments, 508 

— potassium oxalate, 370 

— sulphide, 360, 508, 637, 657 

— vermilion, 508 * 

Antwerp blue, 502 
Apollmaris, 250 

Apparel, waterproofed, 526, 527 
Apple essence, 385 
oil, 384 
48 


Apple wine (cider), 249, 250 
Apricot essence, 385 
Aprons, waterproofing, 527 
Aqua-dag, 12 

Arabi, gum, 346 , see Gum arabte^ 346 

Arabinose, 141 

Arachidic acid, 20, 74 

Arachidin, 20 

Arackts hypogeea^ 43 

Arachis oil, 22, 23, 24, 43, 61, 62, 63, 65 , see 
Nut otl 

Arc light, illuminating efficiency, 408 
Archil, 484 

— substitute, 547 
Ardol Co , loom 

Argol, tartaric acid manufacture from, 371, 373 
Argols, 373 
Arm -board, 572 

Armour plate, cutting by acetylene, 404 

— scale paints, 502, 506 
Aromatic acids, 429-430 
Arrak, 225, 283 , artificial, 382 
Arrowroot, 175, 176, 182/) 

— starch, 178, i82<^ 

Arsacetm, 613 
Arsamin, 613 

Arsenic pigments, 503, 508 

— organic compounds, 601 

— sulphide, 508 

Arsenophenylglycine (“418”), 614 
Arctic sperm oil — see Bottlenose otl 
Artificial bone, 210, 21 1 

— cognac flavourings, 384 

— cognac oils, 383 

— essential oils, 135, 136-138 

— fibres, 2 1 5 

— hair, 2 1 5 

— hemp bast, 215 

— honey, 168, 169 

— horn, 210, 211 

— ivory, 210, 21 1 

— leather, 589 

— musks, 138 

— sago, 182^ 

— shellac, 210, 21 1 

— silk, 187, 207, 212-216, 629 , cupram- 

monium process, 213, dyeing, 546; 
incandescent mantles, 406 , properties, 
215, statistics, 188, strength of, 215, 
tests for, 216 , uses, 215 , viscose process 
of manufacture, 214 

— sweetening chemicals, 17 1 
Arylmethane dyes, 466 

Ash of oils, 1 2 

— of yeast, 227 

Asia Minor, vine cultivation, 242 
Asparagine, 259 
A spergillus glaucus^ 225 

— mger, 225 

— oryset^ 225, 249 
Asphalt, 5, 15, 18 
Asphaltum constants, 350 
.Aspirin, 606 

Asses’ milk, 67 

Astra butter machines, 73 
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Astralagus, 346 
Atlas powders, 644 
Atoxyl, 613 

Atropa belladonna^ 603, 61$ 

Atropine, 603, 615 

Attar of roses, 133 ; synthetic, 136; sec Olio 
of roses 

Auchema llama^ 517 

— pace, 517 

— VlCUpUly 517 

Auramme, 548, 656 , G, 467 ; 0 , 656 
Auramines, 466, 467 
Aurantia, 479 
Auripigmentum, 508 
A urine i68 

— senes, 470 
Auropbenium, 657 
Australenc, 338 

Australia, vine cultivation, 242 
Autochrome plates, 654 
Autoclaves, 425 

Auto-digcstion of yeast, 227, 240, rate of, 
240 

Autofermcntation — sec A uto-dtgesiion 
Avery’s lactic acid process, 318 
Azide, lead, 638 
Azides, 638 

Azoalizarme Bordeaux W, 447 
Azochromine, 443 
Azococcinc 2R, 442 
Azo colours, 439 

— dyes, 44 1 '45 ^ 473 > dyeing processes, 

558-559, manufacture, 441-443 ; photo- 
graphic sensitiscrs, 655 
Azofuchsine B, 443 
Azo green, 470 
Azolitmin, 485 
Azophore red, 558 
Azotoluol, 435 
Azuntc, 503 

B 

Baboul, 573 ; pods, 581 
Baallus aadt lacha^ 318 

— brocapncus^ 320 

— butyncus^ 225 

— erodiens^ 580 

— subtihSy 320 

— vtscosesy 245 

Bacteria, 219, 223-225, acetic add, 224; 
acetone, 225 , anaerobic, 224 ; butyl 
alcohol, 225, 314, 333 , butync acid, 225, 
291, 32K); deification, 223; injunous 
m mashes, 291 , mannetic, 291 ; methy- 
lene blue test, 72 , mucic, 291 ; nitrogen- 
fixing, 225 ; pathogenic, 224 ; proteolic, 
22$ 

Bactenaceae^ 223 
Bactenal poisons, 224 
Bacterium aceti^ 224, 315 

— umylobaciery 225 
butyncus^ 225 

— futfuns, 581 

— Kutnnpanum^ 224, 31 5 


Bactefium Pasieunanum^ 224 

— Pastonanum^ 315 

— vermiformey 2 30 

— xylimuffty 224 

Badische Antlin- u. Soda-Fabnk, 37 St 4 ^ 
526 

Bacyer*s indigo syntheses, 459 
Bagasse, i 53 ? *54 
Bakelite, 211 
Bakers’ dour, 1 79 
Baking powder, i84<z, 234 

— >easi, 234-236 
Baku oil, 11 
Balata, 365 

Balling degrees, 291 ; saccharonieter, 274 ; 

specific gravity of sugar solutions, 290 
Ballistite, 641, 646 
Balloons, hydrogen for, 405, 406 
Balls, golf, 364 ; rubber, 362 
Bamboo fibres, test for, 203 
Bambuk butter, 42 
Barbet rectifying apparatus, 306-308 
Barium carbonate, 93 

— chlonde, 126, 127, 200 
~ chromate, 507 

— chrome, 507 

— pigments, 506-507 

— sulphate, 47, 215, 506, 561, 579, 661; 

drier, 47 

— sulphide, 190 
Barkometer, 577 

Barley, British, 254; chemical changes during 
malting, 255, 259 , chemical composition 
of, 255, 263a, cleaning and grading, 
257; equivalency of sugars to, 273; 
foreign, 254 , germinating power, 254 , 
heavy, 286 , light, 286 , loss on steep- 
ing, 264; loss on germination, 263^1, 
269, milt, 253, narrov year, 254; 
steeping process, 258, storage of, 261, 
263 , sweating process, 256 , testing, 
254 2;s ; transport of, 261, 263 ; two- 
rowea, 254 , varieties of, 254 : uses of, 
253 ; yield of malt from, 263-264 

— cleaning machine, 257 

— dresser, 257 

— grain, anatomy, 254 

— malt, diastatic power, 286 

— starch, 178 
Barm, 275 

— ale, 275 

Barometric cataract contra-current con- 
denser, 156, 157 

— water pump, 156, 157 
Barwood,*553 
Barytes, 506, 509 
Base, milled soap, 103 

Bases, aromatic, 424-428 ; pyndine, 430 
Basic colour lakes, 510 

— dyes, 545 ; dyeing wuh, 547 -S 4 « r li*t of, 

548 

Basil, 580 
Bass, 252 

— Brazilian, 394 
Bassta lahfoha^ 42 
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Bassia lon^olia^ 4 a 
^ Parkt^ 43 
Bast fibres, 516 
Bastose, 516 
Batavian dammar, 348 
Bating process, 577 
Baudoum test, loo/^ 

Baum^ degrees, 665, 666 
Beaters, 541, 628 

Beans, China, 29 ; Soya, 29 ; Tonquin, 138 
Beech wood, distilling, 325 ; heavy tar oils, 
329 ; tar, 328 
Beef fat, 35 

— tallow, viscosity, 10 

Beer, 252-277 , aim of brewer in producing, 
284 ; alcohol free, 277 ; alcoholic strength 
of, 252, 275, 277 ; antiseptics in, 275 , 
Berliner Weiss, 229 , body of, 285 , 
bottling of, 275 ; braun, 229 ; colouring, 
168, 265 , composition of, 277 , Con- 
tinental system of fermentation, 276, 277 , 
dark, 265, 266 , decoction, 276, 277 , 
dextnnes in, 285 , differences between 
English and German, 277 , diseases of, 
230 , Englishj 274, 277 , English system 
of fermentation, 273-274, 276, extract 
of, 254, 265, 274, 277, 286 ; German, 271, 
374, 376-2^ , infusion process of manu- 
facture, 276, 277 , lager, 228, 276-377 , 
Lichtenhainer, 229 , light, 276 ; literature 
of^ 252 ; Malx, 229 , milk sugar in, 73 ; 
millet, 230; quick process (Nathan), 277 , 
racking, 274-275 , nee, 225 , stability of, 
275, 277 ; statistics of, 252-253, taxation 
of, 252-253 

— yeasts, 227, 228-229 ; sec Brewery yeasts 
Beeswax, 3, 53, 54, 59, 61, 62, 89 

— candles, ^ 

Beet juice, analysis of, 142 ; composition of, 
144 , concentration of, 1 55-1 59 

— molasses, 142, 161, 163, 376 

— slices (dned) for stock, 148-150 

— sugar— see ougar^ Suchrose 

— sugar residues, distillation of, 390 
Beets (sugar), alcohol from, 280, 283, 392 ; 

cultivation in Great Britain, 144; im 
provement of sugar content of, 144 ; 
preliminary treatment for sugar extrac- 
tion, 145 ; slicing, 145 > washing, 145 
Beggiatoa, 223 
Behenic acid, 20 
Behcnin, 20 

Behrend & Morgen’s table of potatoes’, 
starch content, 181 
Bellier test, 100/ 

Bellite, 63;, 645 
Belling, 587 » leather for, 578 
Ben oil, 54-57 
Bends, 575 

Benjamin, gum, 347-348 
Bengal, 486 
Benzal chloride, 422 

Benzaldehyde, 137, 138, 359, 385, 429, 467 ; 

properties, 429 ; valuation, 429 
Benzaninrene dyes, 456 


Benzanthrone quinolines, 457 
Benzene, 8, 92, 281, 359, 394, 420, 421 (see 
also Benzol) ; exti action by, 133 , inaigo 
from, 460 , solvent for resins, 350 
ei-benzenedicarboxylic acid, 430 
Benzene disulphonic acid, 431 , mono- 
sulphonic acid, 431 , sulphonic acid, 381 
trichloride, 359 

Benzidine, 426 , dyes from, 446 ; electrolytic 
preparation of, 436 
Benzine, 4, 6, 7, 8, 359, 360, 362 
Benzine, 8 , auto-ignition of, 8 , electrification 
in extraction plant, 8 , extraction by, 32 
Benznaphthanthrone, 457 
Benzo brown G, 449 

— dyes, 545 

— fast pink 2BL, 447 
grey, 448 

Benzoate, ethyl, 384 

— methyl, 384 

Benzoin, constants of, 347-348, 350 
Benzoflavine, 479 
Benzoic acid, 429-430 

Benzol, 8, 92, 281, 359, 394, 420-421 (see 
also Benzene) , carburetting by, 9, 395 ; 
chlorides of, 359 , presence in coal gas, 
390, heavy, 417, light, 417; manu- 
facture of 417-418 , 90 per cent , 421 ; 
nitration of, 422 , properties of, 420- 
421 , testing, 421 , valuation, 421 

— chlorides, 359 
Benzoline, 7 
Benzonitrol brown, 655 
Benzophenone, 434 
Benzopurpunn, 446 
Benzotnchloride, 422 
Benzyl alcohol, 136 

— chloride, 422 

— violet, 469 

Benzylidene dichlonde, 422 
Bergamot, 373 , juice of, composition, 374 
oil, 132. >35 

Berlin, gas lighting of, 389 

— blue, 502 

— Distillers’ Association, 291 

— Konigstadt beer, 277 

— weissbiere, 229, 277 
Berkefeld filter, 222 
Berries, Persian, 485 
Besan^on, 213 
/3-eucain, 605-606 
j9-methyl butadiene, 366 

— tetramethylenediamine, 366<^ 366^ 
/3-naphthol, in transparent candles, 98 

— methyl ether, 138 
Bicarbonate, sodium, 234 

Bichromate, 553 , action on gelatine, 596 ; 
bleaching oils with, 35, 36 , mordanting 
with, 545,546, 550, 55*-552 

— intensifier, 661 

— potassium, 36, 527, 550 

— sodium, 550 

— tanning with, 584-585 
Bichrome — see Btekromafi 
Biebnch patent black, 547 
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Bebnch scarlet, 445, 547 
Bile, 597 
Bioses, 141 
Birbal, 337 
Birch tar oil, 329 

— wood distillation, 325 
Biscuits, rubber, 356 
Bismarck brown, 426, 447, 548 
Bisulphates, utilisation of, 370 
Bisulphite, acetone, 640, 641 

— calcium, 194 

— compounds with aldehydes and ketones, 

136 

sodium, 640 

Bitartrate, potassium, 246 
Bitter almonds, oil of, 137 
Bitterness of wine, 245 , of wort, 230 
Bitumen, 15, i8 , estimation m tar, 420 
Btxa Orellana^ 75 > 4^5 
Bixen, 485 

Black, acetylene, 405, fast, 551; indelible, 
492 

— aniline inks, 491 

— beers, water for, 266 

— dammar, 348 

— dyes, natural, 483-484 

— malt, 265 

— mustard oil, 44 

— mustard seed, 221 

— powder, 6x9-620, 639 

— silk dyeing, 489 

— writing inks, 489-491 
Blanks still, 300, 301 

Blasting gelatine, 629-632, 635 , composition, 
644 

Blaubolz— -see Logwood^ 483 
Bleached lac, 348 

Bleaching, cotton, 520- J23 , electrolytic, 196, 
199 , linen, 520 , literature of, 520 , oils, 
33-37. pulp, 195. 196, 199, starch, 183: 
textile fibres, 520-525 , with sulphur 
dioxide, 523, 524, wool, 523. 524 

— powder, 199, 377, 460, 522 , chloroform 

from, 377-378, test for, 199 

— soaps, 1 15 
Bleeding (of dyes), 544 
Blending wines, 245 

Blood, coagulation of, 221 , decolourising 
with,* 164 , dragon’s, 486 , fining with, 

245 

— albumen, 560, 597 

— serum, 597 , enzymes in, 220 ; poly- 

merisation of tsoprene by, 366/ 
Bloodless surgery, 61 2 
Blotting paper, 199 
Blown oils, 43 

Blowpipe, oxy-acetylene, 403-404 
Blue, fast, 551 

— dyes (natural), 483-484 

— lead, 497 

— logwood dyeing, 551 

— ultramarine, 201 

— verditer, 504 
Blueing, 201 
Boarding, 587 


Bobbinite, 619 

Bobbins, cross-wound, dyeing process, 540* 

541 

Boghead coal ashes, 629 
Boiled-off bath, 518, 525 
Boiled soap, 101-106 
Boilers, degreasing, 31 
Bolivia rubber, statistics, 365 
Bombyx morty 517 
Bone, artificial, 210-211 

— black, 164, 505 

— charcoal, 164, 505 

— fat. 3 '. 36, 41. 54 , 57 , > 15, 595 , bleaching, 

36, extraction from bones, 31, soap 
from, 115 

— fat extraction from, 31 

— glue, 594-595 

— oil, 420, 428 

— substitutes, 80, 210-21 1 

— tar, 428 

— tar oil, 420 

Boots, polishes, 19 , statistics, 565, 566 

Boracic acid, 95, 245, 275 

Borate, ammonium, fireproofing with, 191 

— glyceryl, 130 

— soap fillers, 117, 118 

Borax, 586 , impregnation of wood by, 191 ; 

in non-inflammable fabrics, 527 
Bone acid, 95, 245, 275 
Boring holes with acetylene blowpipe, 403 
Borneo, 340, cane, 155 
Borneol, 133, 340, 347 

— acetate, 138 
Boro-glyceride, 130 

Bbttcher moist chamber, 230, 231 
Bottom-fermentation, 228, 274, 276 277 
Bottom-fermenting yeasts, 227, 228, 233, 234, 
244, 276-277 

Bottlenose oil, 53, 54, 59, 63, 65 
Bouauet, wine, 245 , spirit, 314 
Bowking, 521, 523 
Box-calf leather, 587 
Bradford, sewage purification, 53 
Brain substance, 597 
Bran, 179 

— drench, 581 

Brandy, 251, 283, 295 , alcoholic strength of, 
279 , cherry, 283 , distillers, 282 
Brasilein, 484 
Brasilin, 484 
Brassua campestns^ 44 
Bratenfett, 87 
Braunbiere, 229 
Bray’s acetylene burners, 403 
Brazil monazite sand, 4^ , nut oil, 85 ; 

rubber, 353, 165 ; wood, 484 
Brazilian bass, 394 

Bread, 177; Standard, 179, wholemeal, 179; 
Vienna, 170 

Breathing,” of bricks, 511 ; of germinating 
cereals, 255 ; of potatoes, i 8 t 
Bremen-Bersigheimer Oelfabnken, xoof 
Bremen blue, <04 
Brewer, aim of, 285 
Breweries, statistics, 252-253 
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Brewers* milt, 285-286 
Brewery, general arrangement of, 267 ; 
horizontal system of erection, 267 ; tower 
system of construction, 267 

— yeasts, 228 229 ; optimum temperature 

of, 291 

Brewing, Continental practice, 276-277 , 
English practice, 267-275 , malt for, 
256 ; theory of, 253, 264 

— materials, 253-254, 267 , statistics* 252-253 

— operations, comparison with distilling, 285 

— sugars, 183 

— syrups, 168 ; equivalency to barley, 273 

— waters, 266, 267 
Bricks, breathing of, 5 1 1 
Brilliant alizarin blue, 477, 553 

croceine M, 445 

— green, 468, 656 

— orange, 547 

— scarlet, 547 

— yellow, 447 

Brine, electrolysis of, 196 
Briquettj^s, 195, 419 
British gum, 177, 184, 34^ 

Brom indigos, 461-463 
Bromide papers, 661 
Bromine water, 408 
Bromoform, 435 
Brown dyes (natural), 

Brownian movement, 354 
Brucine, 615 

Brug^res powder, 633, 645 

Brunswick blue, 502 

Brussels Convention, 148 

Bubbling hood, 302 

Bueb*s retorts, 391, 392 

BuUncr- Meyer beet slice drying process, 

149, 150 

Buff leather. 589 
Buffing leatner, 569 
Bullet tree, 364 

Burners, acetylene, 402, 403 ; high pressure, 
407 , inverted, 407 ; Wclsbach, 407 
Burgundy, 283 
Burnt sienna^ 501 

— sugar, 168, 176, 183 

— umber, 501 
Burton brewenes, 253 

— waters, 267 

Butadiene, 366 , conversion into isoprene, 
366^ ; homologues of, 366, 366a ; manu- 
facture of, 366^, ; polymerisation of, 

to rubber, 366^ 36^366/ ; preparation 
from acetylene, 366^ ; preparation from 
butyl alcohol, 366^ ; pre^ration from 
petroleum, 36^ ; preparation from 
phenol, 366c ; properties of, 366 ; rubber 
production from, 36^-366/1 

— rubber, constitutipn, 366 ; normal, 3660 ; 

sodium, ^66a 

— tetrabromiide, 366^ 

Butter, 73-75 

— * adulteration of, 64 ; analysis of, 74 ; 
artificial, 85 ; bambuk, 42 ; browning 
of, 86; cacao, 41, 61 ; casein, 8$, 86; 


cocoa, 54, 58, colouring of, 75» 4^5; 
composition of, 73 , constants of, 75 ; 
detection of margarine in, 75 , differentia- 
tion from margarine, 62, fat in, 74; 
fatty acids of, 74; iodine value of, 63, 
mahwa, 42, 54, 57; milk sugar in, 85, 
86, mixed glycerides in, 74; mohwrah, 
4^> 54» 57 » nutmeg, 42 ; presence of 
margarine m, detection of, 87 ; refractive 
index of, 62, 74, 87 , shea, 42 ; steanc 
acid in, 87 ; saponification value, 87 , 
salt in, 73, 74 , statistics of, 78 , water 
in, 74 

Butter fat, 21, 40, 54, 58, 61, 62, 64, 65 , com- 
position of, 74, 85 

— milk. 73 

Button lac, 348 
Butts, 575 

Butyl acetate, 383 

— alcohol, 226, 298, 314, 366^; butadiene 

from, 366 ; manufacture of, 366^ , pre- 
paration by bacterial action, 225 , pre- 
sence m fusel oil, 251 

— alcohols, tertiary, 1 38 

— chloride, 366^, 366^, 366A , manufacture 

of, 366^/ 

Butylene dichlondc, 366^ 

I 3-butylene glycol, 366^ 

Butyrate, amyl, 383, 385 , calcium, 383 , 
ethyl, 220, 383 

Butyric acid, 20, 74, 320, 330, 331, 383, 385, 
555 . 58 t 

— acid bacteria, 225, 291 

— ether, 383 

— fermentation of sugar, 143 

Butynn, 20 


c 

Cacao butter, 41, 61 
Cachou, 486 

— de Laval, 439 » 478 , 546 
Cadmium pigments, 508 

— sulphide, 508 

— yellow, 508 
Caeruleme, 473 
Cctsalpimas brevifoha^ 573 
Casaiptma cortana^ 573 
Caffeine, 616 , statistics, 602 

— citrate, 607 
Cage presses, 27 

Cake, cotton-seed, statistics, 22, 23, 24 
— - linseed, statistics, 22, 23, 24 

— oil-seed, statistics, 22, 23, 24 

— rape-se^, statistics, 22, 23, 24 
sludge, from beet sugar, 1 51-152 

Calamus, 486 
Calandnas, 160 
Calcinated vinasse, 294 
Calcium acetate, 3^, 332, 526 

— butyrate, 383 

— - biphosphate, 234 

— bisulphite, 194 

— carbide, 400 
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Calcium carbonate, 266, 507 

— casemate, waterproofing with, 527 

— chloride, 561, 571 

— chloride, absorption of ammonia by, 400 ; 

compounds with alcohols, 136; wood 
impregnation by, 190 

— citrate, 374 

— nitrate, 623 

— oxalate, 150, 369 

— phosphate, 227, $94 

— phosphide, 400 

— pigments, 507 

— silicon explosives, 636 

— soaps, loi, 109 

— stearate, 89, 90 

— sucrate, 142, 143, 150, 163, 164, 246; 

removal of acidity by, 246 

— sulphate, 90, 307 ; presence in brewing 

water, 266 , presence in wine, 245 ; 
removal from water, 266; use as filler 
for paper, 200 

— tannate, 546 

— tartrate, 37 1 
Calendering, 561 
~ rolls, 201 

Calenders, rubber, 360, 362 
Calf kid, s88 

— skin, 566^ 569 
Calico printing, 560-561 
Californian oil, 5, 9 
Calorific power, 10 
Camel hair, 517 

Campeachy nood— see Logwood 
Camphene, 341, 359 

Camphor, 33, 208, 340-342, 632 j literature, 
340 ; properties, 340 , statistics, 342 ; 
substitutes, 209 , uses, 340 

— oil, 13s 

Camwood, 552 
Canaigrc, 573 
Cananum commune^ 348 
Candle material, 18, 53, 60, 90^ 94, 97 , bees- 
w*ax in, 98 ; from oleic acid, ^-loo 

— pitch, 94 

— - stiffeners, 18, 99 

— wicks^ 95 

nut oil, 45, 54, 56 

Candles, altar, 97 , beeswax, 98 ; British 
light standard, 410, ceresin. 97 ; manu* 
facture of, 89, 95-100 , moulding process, 
95-97; palmitic acid. 99 ; paramn, 99; 
transparent, 98 ; self-fitting, 97 ; statis- 
tics, ^ ; wax, 97 

Cane, amber, 169 ; black Java, 155 ; Borneo, 
155 ; crushing rolls, 153 ; maceration of 
crushed, 1 54 ; preliminary treatment for 
sugar, 153 

— juice, clarification of, 155; composition 

of, 154-155, 160, concentration of, 155- 
156; Denning's liming piocess, 155; 
evaporation of, 156; fermentation of, 
143 ; lime defecation of, 155 

— molasses, 142, 161, 163 

— sugar, 141 (sec also Suctm); 

ensyme hydrolysis of, 221 ; estimation 


of, in wine, 250 ; rate of fermentation ofi 
240 ; rotation of, 14a ; solutions, specific 
gravity of, 169-170 
Catwabis sattva^ 5 16 
Cannonite, 646 
Caoutchouc— see Rubbir 

— waterproofing, 526, 527 
Caoutchoume^ 359 

Cap composition, testing, 643 
Cappagh brown, 501 
Capric acid, 20, 74 
Capnn, 20 

Caprionate, amyl, 384 
Capnonic esters, 384 
Caproic acid, 20, 74 
Caproin, 20 
Capryhc acid, 20, 74 
Caprylin, 20 
Caramel, 142, 176, 265 
Caraway oil, 137 
Carbazol, 421 
Carbic, 400 

— Co Ltd , 400, 404 
Carbide, calcium, 400 
Carbides, 459 

Carbmol base of tnammotnphenylmethane, 

467 

Carbo-dynamite, 629, 644 
Carbohydrates, estimation of 291 ; see also 
Sugars^ Ciliulosi. Starch 
Carbolic acid— see Pkinol 
Carbon black, 505, 509 

— bisulphide— see Carbon dtsulpktde 

— dioxide, estimation in gases, 408 ; evolu- 

tion m fermentation, 293, evolution from 
germ, 255 ; manufacture for aerated 
waters, 249-250, purification of, 250, 
use in sugar Industry, 15 1-153 
disulphide, 214, 228, 359, 360, 417 , ex- 
traction by, 31, 133, poisonous effects 
of, 31, solubility of resins in, 349, 
presence in gases, 395 ; use as a solvent, 
30 , 3 * 

— filament lamp, illuminating efficiency, 408 

— monoxide, 392 ; detection of, 396 ; esti- 

mation in gases, 408 ; poisoning by, 396, 
408 

— pigments, 505 

— tetrachloride, 8, 31, 359 
Carbonates in water, 2& 

Carbonation, 150, 151 

Carbonic acid, manufacture foraerated waters, 
249-250 

Carbonisation of artificial silk, 216; of wool, 
S 34 

Carbonisers, continuous, 392 
Carbonite, composition of 645 
Carborundum, 506 

Carboxy acids, aliphatic, 369 ; aromatic, 429 
Carburetted coal gas, 395 

— water gas, 389. 396-3^ 

Carburettmg, cold, 398 

— oil, 9 

Carbunne, 395, 40S 
Carcel lamp, 410 
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Cardboari, 202 

Carded yams, 517 

Camera, for catalytic nickel, lood 

Carlsberg yeast, 229 

Carmine, 48^, 510; lake, 510 

Carminic aci^ 4S5 

Camauba wax, 54, 59, 60, 63, 89 , presence 
in ceresme, 17; substitutes for, 18, 
waterproofing with, 526 
Carnaubic acid, 20 
Caniaubyl, 52 

Carob bean, 383 ; alcohol from, 283 
Carolina, monazite sand from, 406 ; potato 
of, 284 

Carotine, 485 

Carnage aprons, waterproofing of, 527 

Cart grease, 60 

Carton pierre, 203 

Cartndgcs, 635 ; dynamite, 631-632 

Carvacrol, 137 

Carvone, 137 

Cashew nut, 492 

Cashmere wool, 517 

Caseiit, ^8, 69, 75* 

060, changes during npehing,7y^ 
nom-like products from, 210 , industnal, 
79£2 cu niilk, -8a-, statistics, 79 ; uses, 
jq , waterproofing with , S27_ 

— cement, 59^ 

— foods, 79^ 

— glue, ;t9, S 9 ^ 

— lactate, 69- 

— paints, 8e^ sil 

~ papers (photographic), 661- 
silk»JU4- 

— sizing,^, 200 

Casemate, calcium, waterproofing with,427- 

— of lime — see Caseinate^ Calaum 
Cassava starch, 182^ 

Cassel yellow, 500 
Cassia oil, 137, 385 
Castama vesca^ 573 
Castile soap, 103, 1 10, 1 16 
Castilloa, 353 ; coagulation of latex of, 355 
Castor seed, fat-sphttmg enzymes in, 93 
221 ; lipase in, 221 ; pressing process, 29 

— oU, 43, 54, 57, 6«, 62, 63, 65, 210, 549, 636 , 

soluble, 43 , statistics, 22, 23, 24 

— oil soap, 107, Z091XO 

— oil sulphonic soap, 1 17 
Catalase, 227 
Catalysts, metallic, locv/ 

— nature of, looc 

— nickel, loai, looi^, iooct, loor/, looe, loow, 

ioo;» 

Catalytic poisons, loor 
Cataract contra-current condenser, 1561 
*57 

Catechol tannins, 573 
Catechu, 486 ; dyeing with, 549 
Catechu-tannic acid, 486, 549 
Cattle breeding, 281 

— food, 181, 312 ; from molasses, 163 1 from 

potato starch residues, 178, 182; from 
sliced beet, 148-150 


703 

Caucasus, asphalt deposits of, 18 ; ozokerite 
beds of, 17 
Caul fat, 26 

Caustic soda, 107, 108, 213 , action on cellu- 
lose, 195, 205, 206 ; soap making with, 
108, 109 

Celestine blue B, 476 

Cell-fission, 223 

Cellite, 210, 216, 654 

Cells, cellulose, 196-197 ; staining, 238 

Cellulase, 220 

Cellulith, 202 

Celluloid, 187, 207, 208-209, 333, 340, 624, 654, 
literature, 208, non-inflammable substi- 
tutes, 209, 216, statistics of, 188, 209; 
filters, 209 ; substitutes for, 79, 2x0-211 
Cellulose, 187-189, 294 , action of sulphur 
dioxide on, 194 , action of sulphuric 
acid on, 187, 294 ; alcohol from, 294 , 
bleaching, 195, 196 , Buh let’s process 
of manufacture, 196 ; cuprammonmm 
solution, 189, electrolytic process, 196, 
estimation and valuation, 188 , hydio-, 
197 , Kellner’s electrolytic process of 
manufacture, 196, manufacture fiom 
straw, 195, from waste cotton fibres, 195, 
from wood, 192-196, lustra, 189, normal, 
197 , oxy, 197, properties of, 187 , pure, 
preparation of, 196 , soda process of 
manufacture, 195 ; solution by enzymes, 
220, solution of, 188-189, statistics, 
188, 196; sulphate process of manu- 
facture, 195, wood, 196, 202, 212, test 
for presence of, in paper, 203 , zinc 
chloride solution of, 1 89 

— acetate, 187, 189, 210, 214, 216, 654 

— acetate silk, 214 

— cells, 196, 197 
~ esters, 210, 216 

— formates, 210, 214, 216 

— hydrates, 187, 200, 206 

— industries, statistics, 188 

— nitrates— see Collodion^ Gun-cotton 

— nitrate silk, 212 

— pitch, 195 

— soda, 189 

— solutions, 188-189 

— thiocarbonate, 189 

— xanthate, 189 

— xanthogenate, 214 
Celtite, 644 

Cement, acid-resisting, 194; artificial, 21 1; 
casein, 596 

Centigrade degrees, 664 
Centra A.G. Krischortz, ioo« 

Centrifugal machines, 161, 162, 163, 541, 542 
Cereals, dieting on, 177 , production of 
alcohol from, 28^ 281, 282 , production 
of rubber from, 366^ 

Ceresme, 17, 89 ; adulteration of, 17 ; candles, 
97 ; substitutes for, 18 ; waterproofing 
with, 526 

Ceria, luminescence due to, 407 
Cerium salts, 406 

— sulphate reducer, 660 
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Cerotic acid, 20 
Ceryl alcohol, 52 
Cetm, S3 
Cetyl alcohol, 52 

— palmitate, 53 
Ceylon rubber, 353, 365 
Chalk, 215, 561 
Chamois leather, 589 

Champagne, 244, 247, 248 , acidity of, 247 , 
chemical composition of, 247 , imitation, 
248 , sugar in, 247 
Channel Island cattle, 68 
Chaptal’s wine improving method, 246 
Char filters, sugar, 165 , spirits, 300-302 
Charcoal, addition to alcohol, 296 ; animal, 
164, 165, 594 ; bone, for decolourising, 
164, 165 , burnt cork, 629 , decolourisa- 
tion with, 38 , wood, 323-327 , yields of 
wood, 325 

— black, 505 

— dynamite, 629 

— filters, 165, 300-302 

— industry, 323-328 
-- kilns, 165, 323, 324 

Chardonnet silk, 212-2 14 j tests for, 216 
Charente, 283 , inf^rieure, 283 
Charge limit, 635 
Cheddar cheese, 76 
Cheddites, 636 

Cheese, 75-78 , adulteration of, 77 , analysis 
of, 77 , Cheddar, 76 , colouring, 77, 485 , 
fat in, 77 , lactic acid, 77 , margarine, 
39 j 78, 87 , protein, 77 , ripening of, 76, 
77 , soft, 77 , statistics, 78 , water in, 77 
Cheleken, asphalt deposits, 18 ; ozokerite 
deposits, 17 
Chemical sand, 123 

— wood pulp, 192 
Chemicing, 522, 523 
Cherry brandy, 283 

— essence, 385 

Chestnut, 577 , bark, 573 ; extracts, 490 ; 
tree, 490 

Chewirtg gum, 346 
Chicago (dye), 545 
Chicle, 346 
Chicory, 169 

Children’s foods, milk sugar in, 73 
Chill saltpetre, 620 

China, alcohol-producing moulds from, 225 

— beans, 29 

— clay, 200, 504 
-- grass, 187, 516 
Chinese blue, 502 

— galls, 490 

— lacquer, 49 

— vermilion manufacture, 509 

— red, 500 

— rice beer, 249 

— Soja bean industry, 44 

— vegetable tallow, 42 

— wax, 53 

— white, 507 

— wood oil, 45 
Chipper, for soap, 1 14 


Chips, dye wood, 534 

Chloracetic acid, 332, 459, 460 

Chloral, 379 , electrolytic preparation, 435 

— hydrate, 210, 379 380, 608 j statistics, 602 
Chloralacetonechloroform, 3^ 
Chloralformamide, 380 

Chlorate explosives, 636 
Chlordinitrobenzene, 634 
Chloretone, 608 
Chlorhydrine, 8 
Chloride of lime, 36, 38, 199 
Chlorinating apparatus, Pirn’s, 366^ 

— processes, 366^, 366// 

Chlorindigos, 461-463 

Chlorine, 183 , free, removal of, 199 ; test for, 
199 

Chlorisopentanes, 366^/ 

Chloro-bromide papers, 661 
Chloroform, 228, 333, 377-378, 602 603 , 
action on enzymes, 222 , Besson’s con- 
tinuous process of manufacture, 378- 
379 , decomposition of, in light, 378 , 
manufacture of, 377-379 , preparation 
from acetone, 378 , preparation from 
alcohol, 377 , preparation from bleach- 
ing powder, 377, 378 , properties of, 
378 , stability of, 378 , statistics of, 379, 
602 , use of, 378 , use as solvent, 30 

— salicylate, 378 

Chlorophyll, 223, 483, 486 , compound, 116 

Chlorosulphonic acid, 431 

Chlorazol dyes, 545 

Chocolate fats, 41 

Cholera bacteria, 224 

Cholesterine, 67 

Cholesterol, 52, 53, 100/, test for, 66; 

acetate, 66 
Choline, 597 
Chromammonite, 635 
Chromates, 364 

Chrome (dye), 553, for chrome, see Bi- 
chromate 

— blacks, 551 

— blue, 469 

— gelatine, waterproofing, 527 

— green, 469, 502, 508 

— leather, 584-587 , distinction between one- 

bath and two-bath, 588 

— mordanted wool dyes, 443 

— orange, 559 

— red, 500 

— sole leather, 587 

— tannage, 584-588 ; one-bath process, 584- 

J85 ; two-bath process, 585-586 

— violet, 469, 470 

— yellow, 493. 500, 511, 559 

Chromic acid, action on cellulose, 187 
Chromium, estimation in leather, 587 

— fluoride, mordant, 550, 553 

— mordants, 553 
pigments, 508 

— salts, use of, in dyeing, 545, 546 ; see also 

Bichromates 

— sulphate, 584, 585 
Chromotrope, 443 
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Chrysoidine, 491, 548 
Chrysamine, 545 
Chrysazme, 452 
Chrysene, 421 
Chrysophenme, 545 
Chrysosulphite, 656 
Chymosin, 221 
Ciba blue, 462, 556 
-- Bordeaux, 556 

— colours, 462, 466, 556 

— green G, 556 

— grey G and B, 556 

— heliotrope. 463, 536 

— red G, 556 

— scarlet G, 466, 566 

— violet A, 465, 556 
Cibanone blacks, 556 

— brown, 556 

— colours, 556 

— orange, 556 

— yellow, 556 

Cider, 249, 250 , yeasts, 230 
Cilia,^23 

Cinchona bark, 602, 615 
Cmchonidine, 615 
Cinchonine, 615 
Cineol, 138 
Cinnabar, 508 
Cinnamic alcohol, 136 

— aldehyde, 137 
Cinnamon, 283 

— oil, 133 

Cinnamyl cocaine, 603 
Citral, 135, 137 
Citrate, caffeine, 607 

— calcium, 374 , presence in milk, 70 
Citric acid, 373-374 , absence from fruit 

wines, 249 , presence in lemonade, 250 , 
production from sugar by moulds, 225, 
374 , properties of, 374 , statistics of, 374 

— juices, composition of, 374 
Citro-myces, 221 

Citron yellow, 507 
Citronella, 135 

— oil, 135 
Citronellal, 137 
Citronellol, 134, 136 
Citrus oils, 132 
Cladotneheae, 223 

Clarification of beet juice, 1 50-1 55 , of cane 
juice, 155 

Clavicefis purpurea^ 612 
Clay, china, 2oo~see Kaohn 
Clayton cloth red, 443 
Cl^ve^s acid, 444-447 
Climax sugar, 168 
Clip stenter, 543 
Clodding presses, 27 
Closing soap, 103 

Cloth, drying machines, 543 ; manufacture 
of, 561 , non-inflammablc, 526, 527 , 
waterproofing, 526-527 ; wood cellulose, 
197 , wire, 201 

— scarlet G (dye), 445 
Clothes, dry cleaning of, 8 


Clotting enzymes, 221 
Clove oil, 1 35 

Coagulation of rubber latex, 354-355 
Coagulating enzymes, 227 
Coal, anthracite, 260 , deterioration of, 390 ; 
distillation of, 389-392 , for gas, 390 

— dust explosions, 635 

— gas, 389-396 , ammonia in, 393‘396 , 

analysis of, 392, 396 ; carburettmg pro- 
cess, 395 , explosive mixture of, 397 , 
hydrocarbons in, 396 , hydrogen sulphide 
in, 393-396 , illuminating efficiency of, 
408 , increasing luminosity of, 395 ; 
lifting power of, 406 , mixed with car- 
buretted water gas, 396, 397 , poisoning 
by, 396-397, 408 , purification of, 393- 

396 

Coal-tar, 415-416; butadiene from, 366^; 
compositions, 416, distillation of, 416, 
isoprene from, 366^ , pyndine bases in, 
420, statistics of, 415 , tests for (Watson 
Smith), 419-420, yield ot dyes from, 
440 

— colour lakes, 510 

— colours, detection in wine, 251 , industry 

of, 439 et seq ; manufactures of, 331 , 
statistics of, 440 
~ distillation products, 420-422 

— dyes — see Coal-tar colours 

— industry, 415 420, literature of, 415 
~ naphtha, 8, 417-418 

— pitch, distinction from natural pitch, 420 

— products, 420-436 , literature of, 415 
Cobalt blue, 503 

-- green, 503 

— oxide, 503 

— pigments, 503 

Cocaine, 603-604 , statistics, 602 , substitutes, 
604 

Coccaceae, 223 
Coccus cert/eruSy 53 

— pelay Westwood, 53 
Cochineal, 485, 552 ; statistics, 483 
Cocoa butter, 54, 58, 1000 , statistics, 23 
Cocoa-nut fat, detection in margarine, 87 

— fibres, 516 

— oil, 42, 54, 58, 61, 62, 63, 64, 65, 85, 86, 87 ; 
j deodorisation of, 35 , detection m butter, 

87 , statistics, 22, 23, 24 

— oil soap, 102, 103, 107, 1 14 , ozonised, 115 
Cocoons, 518, 519 

Cocos fiuctferay 516 

Cod-liver oil, 19, 26, 54, 58, 61, 62, 63, 65 

Codeine, 615 

Ccerulein, $53 

Coflfey^s still, 296-298, 300 

Cognac, 251, 283, artificial, 384 

— essence, 384 

— oils, artificial, 251, 283 
Coir, 516, 518, 519 

Coke, 5, 7, 389, 390 ; arsenic in, 260 ; presence 
in oils, 12 

— ovens, 390 
Coking chambers, 392 
Cold, production of, 377 
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Cold carburcttmg, 398 

— extraction plant, 31 

— process soaps, 107, 109- 1 10, 114 

— test for oils, 12 

0[^dewe*s germinating apparatus, 255 

Colds, cures for, 330 

Colours, 168, 183 

Collards, fine, 179 

Colliery steelite, 636 

Collodion, 207, 215, 409, 654 

— cotton, 629 

— papers, 661 

— silk, 2 1 2-2 1 3 

— wool, 207, 212, 629, 654 
Colloidal combination, 533, 548 

— compound theory of dyeing, 533 

— metals, saponihcation by, 93 

— solutions, 359, 533 

Colloids, 567 , function in dyeing, 533 
Colophony— see Rostn 
Colostrum, 69 
Colour filter dyes, 656-657 

— lakes — see Lakes 

— plates, 654-655 

— printing of calico, 560-561 

— printing industry, 531, 560-561 

— printing machines, 559-561 

— wash, 512 

Colouring butter, 75, candles, 98; cheese, 
77 , margarine, 87 ; paper-pulp, 201 

— matters, natural, 483-486 , synthetic, 439- 

480 

Colours (see also Dyes^ Pigmen(s ) , acid 
chrome, 553; coal-tar (see Coal-tar 
colours ) ; correcting, 201 ; ice, 558 , 
mineral, 497-5*2, 559 
Columbia (dye), 545 

— green, 449 

Columns, distilling, 302, 303 , film type, 302, 
303, fractionating, 417-418; Ilge’s full, 
305 ; inclined (Guillaume’s), 302, 303 , 
rectifying, 302, 303 
Colza oil, 44, 61, 410 
Combed wool, dyeing of, 538 
Combined baths, 660 
Combs, 360 

Compressed yeast, 229, 234-236 , distilleries, 
282 

Condensed millc 81 , analysis of, 84 ; com- 
position of, 82 ; statistics, 84 
Condensers, barometric cataract contra- 
current, 156, 157, gas works, 393; see 
also under Stills 

Conditioning apparatus for silk, 518 
Congo dyes, 545 

— blue, 446 

— Connth, 446 

— fast blue, 448 

— red, 439, 446, S33, 544, 656 
Conidta, 225 

Connective tissue, 568 chemical composition 
of, 568 

Conserving fluid, glycerol, 129 

Consumption, 195, 330 

Contact process for sulphuric acid, 460 

— substances. 220 


Continuous carbomsers, 392 

— rectification, 306 
Conversion, saltpetre, 620 
Converter, high-pressure, 287-289 

— raw gram, 27 287-289 

Co-operative distilleries, 281 
Coolers, wort, 271-273 
Coomassie black, 447 

Cop dyeing, 538 541 ; machines for, 540 
r* drying, 543 

Copal, 345, 346, 348 , constants of, 350 
Copper, catalytic hydrogenation by, lood 

— catalytic oxidation of aniline by, 557 

— acetate, 332 

— chromate, 504 

— hydroxide, 189, 202, 213 

— logwood inks, 490 

— mordants, 551 

— pigments, 503-504 

— rosinates, 190 

— sulphate, 228, 545 , impregnation of wood 

by, 190, 191 , inversion of sugar by, 142 , 
use as mordant, 553 

— wire, coatings, 216 

Copperas (see also Ferrous sulphate)^ 501, 
554> 555 

— vat for indigo, 555 
Copperplate printing, 493 
Coppers, brewery, 271, 272 
Copra, pressing, 30 
Copying ink, 491-492 

— ink pencils, 492 
Corchorus, 516 
Cordage, 516 

Cordite, 333 ; composition of, 646 , manu- 
facture of, 639 , pressures of, 639 
Cores, tyre, 366 
Cork carpets, 50, 5 1 
Coriander, 283 
Conarta thymifolia^ 492 
Corisoleum Societa Ilaliana, ioo« 

Corium, 567 , chemical composition, 568 

— flour, 182^ 

— oil soap, 109-118, 114 

— starch manufactuie, 182 
Correcting colours, 561 
Corrosion by sulphur dioxide, 194 
Corypta cerifera^ 60 
Cosmetics, lanolin, 60 

Cotton, 187, 212, action of caustic soda 
on, 205-206, 516, after-treatment with 
metallic salts, 553, animalisation of, 
516, basic mordants for, 551 ; bleaching 
of, 520-523 ; dyeing, ^2, 544-545 1 dye- 
ing direct, 544-545 ; dyeing indigo, 554- 
555; dyeing turkey red, 552 j dyeing 
with acid dyes, 546-547 ; dyeing with 
basic dyes, 547, 549> 55*; Egyptian, 
406, 51 5 ; for incandescent mantles, 406; 
gun-, 624-629 ; loose fibre dyeing, J39 ; 
mercerisation of, 205-206 ; natural direct 
d)es for, 546; nitrating process, 207, 
624, 625 ; Sea Island, 406 ; statistics, 518, 
519; tendering of, 546; test for, 100/, 
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527 r waste, 624 ; waste fibres, cellulose 
from, 195 , waterproofing, 526, 527 
Cotton colours — see Cotton dyes, Direct dyes. 
Substantive dyes 

—• dyes, 439 , after-treatment of, 545, 553 , 
direct, 443, 44S-447, S 44 -S 4 «: sub- 
stantive — see Direct cotton dyes 

— fabrics, printing, 560 561 

— fibres, 515, 516 , tests for, 203 

— goods, sizing, 53 

— orange R, 444 

— rags, 304, 305 

— scarlet, 491 

— seed, pressing, 29 

— seed cake, 22, 23, 24 

— seed oil, 22, 23, 24, 44, 54, 56, 61, 62, 63, 

65) 85, 549 , hydrogenation of, tooo ; 
refining processes, 34 , statistics, 22, 23, 
24 , test for, 44, 100/ I 

— seed oil soap, 102, 103, 109 no, 114, 115, 

117 

— seed steanne, 87 

— wa^te, 195, 624 
Couch, 259 

— rolls, 201 

Couched pasteboard, 202 
Couching, 259 
Coughs, cures, 330 
Coumarin, 138 
Coupling— see Dtazoitung 
Cow hair, 517 

— milk, 67-73 
Cowrie, 346-348 
Coxin, 656 

Clacking process, 5, 14a 
- stills, 5, I4« 

Cream, 68 , ripening of, 73 ; statistics of, 

78 

Cream of tartar, 234, 373 1 mordanting with, 

550 

Creosote, 329 

— oils, 417, 418 , impregnation with, 190 
Creosoted timber, 190 

Crdpeing machines, 357 
Cr6[>on effects, 206 
Crcsilite, 634 

Cresol, esters of, 209 ; estimation of, in soap, 
121 ; manufacture, 418 , properties, 422 ; 
nitro compounds, 632, 633 
Cresylic acid— see Cresol 
Cretene, 419 
Crimson lake, 510 
Crocein scarlet, 445, 547 
Crocus, 486 

— sativus (Onent), 486 
Crossdye, 546 

Cross-wound bobbins, drying, 543 ; dyeing, 

540-541 

Croton oil, 43, 54, 57i 61, 6>, 64 
Croton 1C acid, 2 1 
Crown leather, 589 
Crumsall direct, 448 
— • fast blue. 553 
Crushing rolls, 28 , cane, 1 53 
Crutchers, soap, 102, 105, ic^ 

Crystal ponceau, 442 


Crystal scarlet, 442 

— violet, 468, 469, 533, 548, 656 
Crystallisation of sugar, 160 162 , boiling to 

160, effects of salts on, 142, 143, 161 
163 , in motion, iCi 
Crystallised British gum, 184 
C T Bate (drench), 581 
Cuba black, 449 
Cube sugar, 166 
Cuite, 518 

Culture yeasts, 227, 228 230, 231-234 
Cuprammonium, 189, 202, 213, cellulose 
solutions in, 189 , waterproofing with, 
189, 213, 527 

Cuprous chloride, 400, 408 

— hydroxide, 189 
Curbs, 108 
Curcuma, 75, 486 

— lon^a, 486 

— root, 87 

— rotunda, 486 

— starch, 178 
Curcumme, 486 

— s, 450, 451 

Curcuphenine, 451, 545 
Curd, milk, 69, 75 , see Casein 
Curing sugar, 16 1 
Currant wine, 249 
Curriers’ tools, 572 
Cutalase, 221 

Cutch, 486 , statistics, 483 
Cyanine, 479» 655 
Cyanines, 655 
Cyananthrene, 456 
Cyananthrol, 553 
Cyanoacetic acid, 616 
Cyclohexane, 366^ 

Cyclopentadiene, 366a 
Cylinder presses, 27 
Cylinders, drying, 201 
Cymogene, 7 
Cytase, 220, 255, 259 

D 

Dag, 12 

Dahlia, 169 

Dahlmenite, 635 

Damask effect, 197 

Dammar, 346, 348 , constants of, 350 

Dandy roll, 201 

Dartring saponifier, 93 

Date sugar, 14 1 , see also Sucrose 

Datura stramonium 615 

Dauerhefe, 222 

De Bruyn, Ltd , ioo;i 

De Costa latex coagulating plant, 354-355 

De No Fa Co , 100/ 

Deadly nightshade, 603^ 615 
Decanitro-cellulose, 628 
Decay, alkaloids of, 223 
Decoction beers, 276 

Decolourisation, by albumen, 164 ; by 
aluminium sulphate, 164, 594 , by blood, 
164 , by superphosphate, 164 ; of tar- 
taric acid, 373 
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Dccolounsation agents, 164, 549 
Defecation of sugar syrup, 150-155 
Defecators for cane juice, 155 
D^gras, 41, 589 

Degrees “ Balling,” 291 ; hydrometer, 665, 
666 , thermometer, 664 
Dehne frame-press system, 151 
Dehydromdigo, 462 
Deliming leather, 580-581 
Delphme blue, 476 
Delta purpunne^ 446 
Demargination of oils, 38 
Dementholised oil, 135 
Denaturing mixtures, 281 
Denning’s liming process, 155 
Dephlegmation, 298 

Dephlegmators, 125, 299, 300, 303-304, 306, 

331 

Depilation, 570-571 
Derby red, 500 
Dermis, 567 

Designolle^s torpedo powders, 645 
Dessauer retorts, 391-392 
Destructive distillation, 389, 390 
Detannisation, 583 
Detonators, 637-638 
Dextran, 143 

Dextrine, British gum, 119, 166, 176^ 177, 
183, 184, 292, 346, 560, estimation in 
soap, 119 , manufacture of, 184 , stable, 
264-265 

Dextrines, 166, 167, 168, 169, 264-265 , high 
grade, 264, 265 , low grade, 264-265 , 
presence in beer, 285 , production from 
starch, 220, 264-265, 286-287, 292 
Dextrose, 166-168, 195, 230, conversion into 
isomaltose, 220 , conversion into lactic 
acid, 318, decomposition by yeast (see 
Alcoholic fermentation) ; presence of, in 
grape juice, 242, 243 , production from 
wood, 294 , rate of fermentation of, 240 

— hydrate, 168 

Developers, photographic, 657-660 
Developing papers, 661 

— dyes, 442, 450, 478, 558 
Devulcanisation of rubber, 360, 363-364 
Diaretone amine, 605 
Diaminoazobenzol, 435 
Diamidooxydiphenyl, 658 
Diarmdophenol, 658 
Diamidoresorcin, 658 

Diamine /?-black, 448 

— black, 446, 449 

— blue, 446 

— brown, 446 

— bronze, 448 

— dyeS) 545 

— green, 449 

— - pure blue, 657 

— red, 446 

Diamines, catalytic oxidation of aniline by, 

557 

Diamino dyes, 468 
Diaminobenzophenone, 434 
Diaminodiphenylmethanc, 467, 468 


Diaminogen, 445 
Diaminonaphthalene, 424 
Diamol dyes, 545 
Diamond black, 449 

— green, 491 

— magenta, 491 

— salicine, 553 

— vinegar, 317 

— yellow, 443 
Dianil black, 655 
Dianol brilliant red, 446 
Dianthraquinonylamines, 457 
Diarylmethane dyes, 466 

Diastase, 220, 226, 227, 259, 276 , action of 
heat on, 286 , action on starch, 177, 253, 
264-265, 286-287 , composition of, 220 ; 
formation of, in malt, 255, 259 , influence 
of sugar on formation of, 255-256 ; malt 
as source of, 285 , presence m fungi, 
286, presence in malt, 255-256, 259, 
264-265, 285-286 , presence in moulds, 
225 , properties of, 220 , saliva, 220 , 
stimulation by yeast, 287 , test for, 291 ; 
vegetable, 220 
Diastatic enzymes, 220 

— power of malts, 285-286 
Diazo compounds, 385, 430-431 

— reaction, 441-442 

— salts, commercial, 558 
Diazobenzene chlonde, 430, 431 

— nitrate, 431 

Diazotising, 441-442, 545, 558 
Dibdin photometer, 41 1 
Dichlondes, manufacture of, 366dZ, 366^^ 
Dichlormethane, 359 
Dichlorobutane, 366^ 

Dichromate— see Bichromate 
Dickmaische, 276 
Dicyanin, 655 
Didymium, 406 
Diet, cereal, 177 
Dieterich’s ink, 489, 491 
Diethylbarbituric acid, 609 
Diethylmalonylurea, 609 
Diffusers, 146, 147 
Diffusion battery, 147 

— juice, 150 

— process, 145 

— pulp. 149 

— slices, 148-150 
Digallic acid, 573 
Digester for fats, 891 
Diglycendes, 21 
Diglycerme, 623 
Dihalogenides, 366^^ 

Dihydncphenol developers, 659 
Dihydroxyacetone, fermentation of. 241 

D ihydroxydiam ino-arsenobenzene aichlonde, 
614 

D ihydroxyphenylethylmethylamine, 6 1 2 
Di-iso-amylether, 381 

Di iso-propenyl, manufacture of, 36^; sec 
also Dimethylbutadiene 
Di-iso-propylene, properties, 366 
Dill oil, 137 
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Dimethyknilme, 332, 425, 467 
Dimethylbutadiene, manufacture, 36(^; 
polymerisation of, 366^, 36^-366^ ; 

properties of, 366 , rubber from, 36^ 
Dimethylethylcarbinolchloral, 380 
Dimethylketone, 333 
Dimethylsulphate, 377 
Dimethyltnmethylene dichloride, 366^/ 
Dinaphthylene, 418 
Dinaphthylketone, 209 
DmiVoacetin, 624 
Dmitrobenzene, 422, 423, 634 
Dinitroformin, 624 
Dmitroglyccnne, 623 
Dmitromonochlorhydrm, 623*624 
Dmitronaphthalene, 424, 634 
Dmitrotoluene, 623, 632, 634, 636 
Diogen, 659 
Dioxine, 479 

Dioxyanthraquinone, 451 
Dioxynaphthalene sulphonic acid, 433 
Dipalmitostearin, 3 
Dipentene, 342, 358, 359 
Diphenal, 658 
Diphenyl, 419 

— fast black, 447 

— green, 449 

— ketone, 434 
-- orange, 45* 

Diphenylamine, 426 , use as stabiliser, 642 

— blue, 548 

— sulphate, 216 
Diphenylmethane, 466 

— dyes, 466-467 
Dipropylbarbituric acid, 610 

Di propylene (see also Butadiene ) , manu- 
facture, 36^, propel ties of, 366 
Dipropylmalonyl urea, 610 
Diphtheria, bacteria, 224 , cure by serum, 224 
Direct cotton colours— see Direct cotton dyes 

— cotton dyes, 443, 445 - 447 > 53 i- 533 > 544 ' 

545 , after-treatment of, 545 

— dyes — see Direct cotton dyes 

— yellow, 450, 451 

Disazo dyes, 443-447 , from tetrazotised dia- 
mines, 445 , mixed, 445 , primary, 444 , 
secondary, 444-445 > symmetrical, 445 
Diseases, parasitic, 613 614 
Disinfectants, coal-tar, 418 
Disinfecting soaps, 115-117 
Disteann, 102 
Distempers, 51 1 
Dislilbenzene-azo dyes, 544 
Distillation, continuous, 297 , literature 
of, 295 ; of alcoholic mashes, 295 et seq , 
of coal-tar, 416-417 , of fatty acids, 93- 
94, of glycerol, 124-125, 128-129, of 
paraffin wax, 15 , of petroleum, 5, 6 , of 
wood tar, 329-330 , regulation of, 305 , 
simple, 295-2^ ; vacuum, 5, 10, 15, 124, 
125, 128, 337,416 
Distilled grease, 60 

Distiller, aim of, 285 , use of antiseptics by, 285 
Distilleries, classification of, 281-282 ; farmer, 
280, 281, 282 , potato, 292 


Distillers’ malt, 285-286 
Distillery yeasts, 219; fermentation with, 
291 , optimum temperature of, 29 
Distilling columns, 302, 303 

— operations, difference from brewing, 

285 

— plant, for alcohol, 295 etseq , for essential 

oils, 132 et seq, j for glycerol, 124-128 ; 
see also Stilh 
Distribution law, 533 
Divi-divi, 490, 573 
Divinyl — see Butadiene 
Dochnahl, 249 
Dodecanitro-cellulose, 628 
Doegling oil, 53 
Dohchos Soja^ 44 
Dolls, rubber, 362 
Dolphin jaw oil, 64, 65 

— oil, 54, 59, 65 
Dongola leather, 588 
Dopes, 2\6a 
Dorfite, 635 
Dormiole, 380, 608 
Double bowking, 523 

— effect evaporators, 123 

Dragon’s blood, 348, 486 , constants, 350 
Dreaper on artificial silk, 2 1 2 , on dyeing, 532 
Drenching process, 581 
Dresses, non-inflammable, 527 
Dressing leathers, 557, 578 
Driers, 45-48, 50 

— catalytic theory of, 46 , fused, 47 , lead, 

46, 47, 48 , liquid, 47 , moist, 47 , soluble, 
47 , testing, 48 
Drop black, 505 
Drop test for waterpioofs, 527 
Drugs, 601-616 , statistics, 602 
Drum stuffing, 579 
Dry cleaning of clothes, 8 

— effervescing powders, 248 

— liming, 151 

— plates, 653, 654 

— stuffing, 579 

— wash, 312 

Drying appaiatus, 112-113, 115, 356, 541-544 

— cylinders, 201 

— oils, 40, 54, 56, 65 , differentiation from 

fish, 65 
Dualine, 644 
Dubbing, 579 
Dublin breweries, 253 

— brewing waters, 266 
Dufay colour plate, 655 
Dulcin, 17 1 

Duplex colour printing machines, 561 
Duplicating blocks, 492 
Dust collectors, 257-258 
Dye vats, 534 - 541 , 546 

— woods, dyeing with, 534 , extracting 

process for, 534 ; statistics of, 483 
Dyeing, 531-562, colloidal compound theory 
of, 533 , electrical theory of, 533 , litera- 
ture of, 531 ; of combed wool, 538 , of 
cops, 538-541 ; of hanks, 537-538 , of 
leather, 582-583, of loose fibres, 538-541 , 
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of piece goods 535-537 ; of slabbing, 
538 , of yarn, 537-538 ; preparing fabiics 
for, 534 ; reversible, 532 , solid solution, 
theory of, 533 ; theories of, 532-5J3 ; 
use of formic acid in, 371 , washing 
opeiations for, 541 542 , with basic 
mordants, 550-551 , with mineral colours, 
559-560 

— Jiggers, 536 

— machinery, 534"544 
Dyera costulaia^ 358 
Dyes, acid — see Acid dyes 

— acid chrome, 553; adjective, 531, 533, 

after treatment of, 545 , anthracene, 451, 
458 , basic (see Baste dyes ) , ciba, 556 
(see also OAa colours ) , classification of, 
440-441, 531 ; coal-tar, detection of, in 
wine, 251 ; colloidal compounds of, 533; 
colour filter, 656, 657 ; developing* 450, 
558 , direct (see Direct cotton ayes ) ; 
dissolving for dyeing, 534 ; indigo series, | 
458-466 , mineral, 559 , monogenetic, 
531, 548, mordant, 531, 548- 553. 
natural, 483 , nomenclature, 545 , photo- 
graphic, 654-657 , polygenetic, 548 , 
production on fibre, 556-559, statistics 
of, 440, 483 , substantive (see Direct 
cotton dyes ) , synthetic, 439-480 , thio- 1 
indigo series, 463-466 , use as mordants, 
545 , 549 , vat, 553.556 | 

Dynamite, 629-630 , A G,622; de Trauzyl, ' 
644 , gelignite, 632, 644 , freezing of, i 
630 , manufacture of, 629-630 , mixed, ‘ 
630 , ordinary, composition of, 644 , 
Rhenish, 630, 644 ; wood meal, 630, 631 

— bases, 629-630 

— cartridges, 630 

— glycerol, 126, 130 

E 

Eanh-nut oil, 43, 54, 57, 85 
Earth wax, 17 

Ebonite, 361 , substitutes, 211 
E C powder, 646 
Ecgonine, 603-604 ; statistics, 602 
Ecrastite, 632 
Edible fats, 90 

— oil, demargination of, 38 , deodorisation 

of, 35 ; refining, 35 
Edinol, 6j8, 659 
Effervescing wines, 247, 248 
Egg albumen, 597 

— white, 245 

— yolk, 86, 588 

Egrot^s still trays, 302, 303; stills, 132, 133, 
302 ei seq 

Egyptian cotton, 406 
Egyptians, 508 
Eighty per cent flour, 179 
Eikonogen, 659 
Einbrennen, 579 
Elaeomarganc acid, 21, 45 
Elaeosteanc acid, 21 
Efaeostearin, 21 


Elaidic acid, melting point, 95 ; hjdrogena- 
tion of, 100a 
Elaidin test, 65 
Elaine, 86 
Elajstes, 364 
Elastic fibres, 567 
Elberfelder Farbenfabnken, 384 
Elderberry wine, 249 
Electric glow lamp standard, 410 

— light, illuminating efficiency of, 408 
Electrical preparation of organic compounds, 

434-436 

— theory of djeing, 533 

Electrolysis, of brine, 196 , of magnesium 
chloride, 196 , preparation of organic 
compounds by, 435 

Electrolytic coagulation method of rubber 
latex, 354-355 
•—hydrogen, icxv 

— oxidation, 434-436 

— reduction, 434-436 
Electronite, 635 

Elemi, 348 ; constants of, 350 
Elephant skin, 569 
Ellagitannic acid, 573 
Elta burners, 403 
Embryo, nourishment of, 259 
Emerald green, 503 
Emeraldine, 480 
Emeraldol, 553 
Emmensite, 645 
Emulsm, 221 

Emulsions, photographic, 653, 66 1 
Enamels^ 48-49 
Endecanitro-cellulose, 628 
Endo-enzymes, 227 
Endosperm, 179, 255 
Endospores, yeast, 227 
Endotryptase, 221, 222, 227 
Engine sizing, 199 
English plaster, 595 

— white, 507 
Enlactol, ^ 

Enzymes, 219-222, 253, 259, 264 265 ; alcohol- 
producing, 227 , clotting, 221 , coagu- 
lating, 227 ; diastatic, 220 , endo, 227 ; 
hydrolysing, 227 , intracellular, 227 ; 
inverting, 221 , literature of, 219 , mode 
of action of, 220 , nomenclature of, 220 ; 
oxidising, 227 ; present m yeast, 226 ; 
properties of, 219; proteolytic. 221, 227, 
255 ; reducing, 227 , reversible actions 
by, 220 , saponification by, 93 , specific 
action by, 220 , sugar splitting, 227 ; 
syntheses by, 220 

Eosin, 471, 491 ; use as sensitiser, 655 

Eosines, 471, 548 

Epidermis, 567 

Epinephrine, 610 

Epinme, 612 

Episperm, 179 

Epithelium, 567 ; diastase formation in, 255- 
256, 259 
Ergamine, 613 

Ergot^ 601, 612-613; chemical constituenfs 
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of, 6 A -613 ; detection of, 612 ; statistics 
of, "602 , testing, 612 
Ergotism, 612 
Ergotoxine, 612 
Eriocyanme, 470 
Erodin, 225, 580 

Erythrene, 366, 471 , see also Butadiene 
Erythro dextnnes, 177 

Erythrosin, 471, 491, 548, 657 , use as sensi- 
tiser, 655 

Erythro xy Ion coca^ 603 
Espino, 187, 198, 517 j statisMcs, 203 , tests 
for, 203 

Essences, cocoa-nut oil, 384 , cognac, 384 ; 

fruit, 382-385 ; vinegar, 331 
Essential oil alcohols, 136 

— oils, 1 32- 1 35 , adulteration of, 135 ; 
analysis of, 134- 135 , artificial, 135, 136- 
1 38 , characteristics of, 133 134; com- 
position of, 133 , extraction plant for, | 
1 32- 1 33 , literature of, 132 , natural, 132- 1 
135 , statistics, 22, 135 

Esters, 382-385 , fatty acid, 251 , perfuming, 

137,138 

Ethane, in coal gas, 396 
Ether, 228, 380-382, 603 ; acetic, 382-383 , 
butyric, 383 ; extraction plant, 133 , im- 
purities in, 381 , manufacture of, 381- 
382 , methyl, 382 ; properties of, 382 ; 
purification of, 382 , statistics of, 382 , 
sulphuric, 380-382, use as solvent, 30, 
212 , uses of, 382 
Ethers, 380-382 , fruit, 385 
Ethyl acetate, I43> 251, 382 383, 385 

— acetoacetatc, 606 

— alcohol, 298 , sec Spirits^ Industnal 

alcohol^ Alcohol 

— butyrate, 220, 383 

— bromide, 377, 603 

— benzoate, 384 

— chloride, 377, 603 

— - cyanin, 655 
- formate, 382 

— green, 469 

— nitrate, 384-385 

— red, 655 

-- violet, 469, 655 

Ethylene, 366^ , butadiene from, 366^ , 
conversion into alcohol, 283 ; isoprene 
from, 366^/ 

— blue, 548 

— chloride, 8 
Eucains, 605-606 
Eiicalyptol, 135 
Eucalyptus maculata^ 137 
Eucalyptus oils, 1 35 
Eucasein, 80 

Eugenol, 135, 138 
Eulactol, 80 

Euncanitro cellulose, 628 
Emhodines, 473 
EuroHum oryxce^ 286 
Euthanthic acid, 486 

Evaporation, multiple effect, 155-159 ; 
vacuum, 155-160 


Evaporation test (oils), 12 
Evaporators, double effect, 123 , milk, 81-83 ; 
quadruple effect, 156, soap lye, 123; 
triple effect, 123 , vacuum, 160 
Everett- Edgecumbe photometers, 410-411 
Exhausted sugar syrups, 163 
Exhausters, 391 
Explosions, oil, 8 

Explosive mine gases, testing, 636 
Explosives, 619-649 , ammonium nitrate, 
634-636 , analysis of, 642 , charge limit 
of, 635 ; chlorate, 636-637 , composition 
of, 644-646 , flameless, 635 , perchlorate, 
636; permitted, 619, 649, plastic, 636, 
safe, 635-636 , stability tests, 643 , 
statistics, 647-648 , testing, 642-643 , 
test.ng for safety, 635 , unsafe, 635-636 
Export beer, 275, 276 

Extract, apparent, 274-275 , beer, 73, 265, 
274, 275 , estimation of, 274 , malt, 263, 
263^, 264, 265 , real, 274-275 , wine, 
246, 250 

Extracted meal, 33 , see Oil cake^ Press cake 
i Extracting apparatus, 8, 66, 133- 134 
j Extracts, dyewood, 483 , manufacture of, 
1 574*575 » tanning, 490, 574*575 


Fabrics, drying machines for, 543 , non- 
inflammable, 526, 527 , waterproofing, 
526-527 , Willesden, 189, 527 
Face pouder, 183 
Factis, 365 

Factories, compressed yeast, 237 , soap, 105, 
106 , spirit, 292, 293 
Fahlberg’s saccharine, 171 
Fahrenheit degrees, 664 
False grain, 161, 166 
Faller-stocks, 5^, 570 
Farina, 176 
Farinator, 254 
Farmer distilleries, 280 
Farmer’s Keir, 522, 529 

— reducer, 660 
Fascanthrene, 556 
Fast acid violet, 472 

— black, 548 

— bluish green, 657 

— brown, 444, 448, 547 

— green, 479 

— red, 442, 547,656 

— Violet R, 405 

— yellow, 491 

Fat, beef, 25 , bone, 31, 36, 41, 54, 57, 595 J 
butter, 40, 54, 58, 61, 62, 64, 65, 85^ 
cau^ 26 , cheese, 77 , cooking, 87 , 
garbage, 26 , goose, 40 , horse, 4*, 62 , 
milk, 67, 69 ; rancid, 21, 62 

— glands, 567 

— liquoring, 580, 586 

— splitting enzymes, 221 ; see Lipase 

— splitting processes, 89-93 

Fats, 19 it seq y 24 et seq ^ loi ; action of 
sulphuric acid on, 91 , animal, 40-41, 
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54*59 > chocolate) 41 ; classification of, 
39 , differentiation between animal and 
vegetable, 66 ; edible, 90 , estimation of 
glycerolin, 1 30, hardening of, looa, hydro- 
genation of, 1 00a , hydrolysis of, 23 , in- 
troduction into leather, 580 ; nature of, 3, 
20, nickel in, 100/, properties of, 21 , 
rancid, 21, 62 , saponification of, 22, 
89-93 , saponification by sodium carbon- 
ate, 108 ; saponification by sulphuric acid, 
90 , saponification by superheated steam, 
89 , soap-making, 90 , specific gravities of, 
61 , statistics of, 22, 23 ; synthesis of, 23 , 
varieties of, 39, 60 ; vegetable, 41-52,54-59 
Fatty acids, 20, 89 ; butter, 74 , constants 
ofi 55*59 » crystallisation of, 94, 95 , 
distillation of, 93 ; esters of, 138, 382- 
385, manufacture of, 89-100; pressing 
process, 94 , soaps from, 108-109 
Fatty aromatic acids, 92, 93 

— oils, varieties of, 39-60 
Faversham powder, 635-645 
Faviente, 645 

Fehling's solution, 166, 169, 183, 188, 197, 
250, 273, 29 «. 624 
Feints, 298, 300 
Feminella, 574 
Fennel, 371 

Fermentation, action of phosphates on, 222, 
241 , after-, 244, 266, bottom, 244, 274, 
276-277 , by-products of, 292-293 , con- 
trol of, 274 ; degree of, 274 , influence 
of temperature on, 240, intermediate 
compounds in, 241, nature of, 219, 
of distillery mashes, 291-292 , of grape 
juice, 243 , of sucrose, 143 , primary, of 
beer, 2^, of wine, 244 , rate of, 239- 
240 , secondary, 244, 266 (see After- 
fermentatton) , temperature of, 274 , 
top, 244, 274, 276 

— industries, 219-320 

— vats for indigo, 555 
Fermenting power of yeast, 238, 239 

— rounds, 274 
Ferments, 219, 223 

Fcrnbach's acetone process, 333, cultures, 
366^ . fusel oil, 314, 366^ 

Ferric ferrocyanide, 502 
Ferro-sihcon explosives, 636 
Ferrous sulphate, 395, 501, 5 55 (see 

action on glue, 593 ; impregnation with, 
190 , dners, 47 

Fibres, animal, 517-5191 532, artificial, 215; 
cellulose, 196, 197 , hemp. 202 , industrial, 
5 1 5-5 19 (also see Textile fibres); litera- 
ture of, 515, loose, 543, statistics of, 
518-519; tests for, in paper, 203, textile 
(see Textile fibres\ 515-519, vegetable, 
5>5'5*7, 532, vulcanised, 189 
Fibroin, 518 
Ficus, 353 
Fig wine, 249 
F igs, alcohol from, 283 
Filament lamps, 407 
Filaments, lamp, 189 


Filled soap, 105 
Fillers, soap, 107 

Filling agents, for paper, 200 ; for soap, 1 17. 

118 , for tyres, 364 
Film-type distilling (olumns, 302-303 
Films, ccllite, 210 ; cellulose acetate, 216 
Filter presses, 33, 34, 151 

— red, 656 

— yellow, 656 

Filters, char or charcoal, 165, 300 302 
Finings, 245 

Finishing, 561-562 ; agents, 183 , dressing 
leather, 578 , leather, 583 
Fir, distillation of, 325 , Scotch, 337 
Fireproofing, chemicals for, 191, 527 ; of 
fabrics, 527 ; of timber, 19 1 
First wine, 243 

Fish, quick smoking process, 329 , bladder 
glues, 596 , glues, 595 
oils, 26, 40, 41, 54, 58, 64 , bleaching, 36 ; 
constants of, 54, 55, 58, 59 ; deodorising, 
36 ; differentiation from drying oils, 65 , 
hydrogenation of, loo^?, 100/ , iodine 
values of, 40, 41, 55 , statistics, 22, 
23 » 24 

— stearine, 41 

— tallow, 41 
Fission, 223 

Fixing baths, 660, 661 
Flagella, 223 

Flakes, corn, rice, 252, 265 
F'lannel, 561 
Flare lamps, 399 
Flashlights, 657 
Flash point, 9 
Flavanthrene, 455, 556 
Flavin, 485 
Flavinduline, 475 
Flavopurpurine, 451 

Flax, 187, 516, retting process, 219, 225, 516, 
statistics of, 519 
Fleshing knife, 572 
Flicker photometers, 409 
Floating soaps, 103, 106, 117 
Floors, for growing malt, 259, for malt kilns, 
260, for soap factories, 105 
Floss silk, 518 

Flour. 175, bakers’, 179; 80 per cent, 
179, potato, 176, 182, self-raising, 234, 
wheaten, 179-180; wholemeal, 179 
Flower scents, extraction of, 132, 133 
Fluorescein, 471 
Focrtsch’s pencil for glass, 493 
Foods, cattle, 181, 182, 312, casein, 80, 
cereal, 177, children’s, 73, 80, 84; milk, 
80-84; molasses, 163; potato starch 
residues, 182 , purified yeast, 275 
Foots, glycerol, 125, 126; olive oil, 117 
Forcite, 644 
Forerunnings, 307 
Forcshots. 307 

Formaldehyde, 228, 332, J64, 375 - 37 ^> 384 ^ 
467,469, action on gelatine, 590; action 
on glue, 593; action on phenols, 21 1; 
hardening effects of, 210, 215; prepara- 
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tion bV electrolysis, 435 , preparation 
from methane, 375 ; preparation from 
methyl alcohol, 375 , resins from, 21 1 , 
specific gravities of solutions of, 376 , 
toughening effects of, 210, 215 , use in 
dyeing, 545 , uses, 37s, 545 
Formaline, 375-376 (see Formaldehydt) ; 
specific gravity table, 376 

— soaps, 1 17 
Formamide, 380 
Formale, cellulose, 214, 216 

— ethyl, 382 , methyl, 375 ; sodium, 369, 

370 

Formates, oxalic acid from, 365-370 
Formic acid, 20, 169, 330, 370 -371, 
581 

— acid, anhydrous, 370-371 ; statistics, 371, 

376, uses, 371, 550 
Formin, 20 
Formyl violet, 655 
Foster’s waste lye evaporator, 123 
Foul main, 39^ 

Foulness of wme, 245 
Fourdrmier paper machine, 200-201 
Fractionating column, 417-418 
Frames, soap, 104, 105 
Frankfurt black, 505 
Frankolime, 400 

Free carbon in tar, estimation of, 420 
French turpentine, 337 
Freudenreich flask, 230, 231 
Frilling, 653 
Frohberg yeast, 229 

Fructose, 141, 142, 168, 169, hydrolysis of, 
221 

Fruit essences, 314, 382 385 

— ethers, 385 

— sugar — see Levulose^ Frui tose 
■— wines, 249 

Fuchsine, 439, 440, 469, 656 
Fullmasse, 160 
Fuels, motor, 279 

“ Full column” distilling plant, 302 
Fullers* earth, 37, 38 
“Fulling” cloth, 562 
Fulminate of mercury, 637 638, 643 
Fulminic acid, 637 

Fungi, 223, diastase secreting, 225, 249, 280 
Funtumia latex, 3^5 

Furfurol, 332 ; estimation in spirits, 313 
Furnaces, malt-kiln, 260-261 ; regenerative, 

390 

Furniture polishes, $3 

— woods, 188 

Fusel oil separators, 301 

— oils, 225, 226, 251, 293, 298, 300, 301, 

306, 307, 308, 314 ; composition of, 314 , 
estimation of, m spirits. 313; Fembach’s, 
314, 366^ 366^; formation during 
alcoholic ftrmentation, 225, 226, 314 ; 
manufacture of, 3x4; production of 
isoprene from, 366^, 366^ ; production 
of rubber from, 366;?, 366/i ; wme, 251 ; 
statistics of, 314 

Fustic, 485, $$2 ; statistics of, 483 
49 


G 

Galactose, 141, 221 ; rate of fermentation of, 
240 

Galalith, 79, 210 
Galena, 500 
Galician oil, 5, 13 

— ozokerite, 17 
Gallamine blue, 476 

Galland’s pneumatic malting drums, 261, 
262 

Gallazine, 553 
Galleine, 472 

Gallic acid, 489, 490, bating with, 581; 
inks, 489 

Gallocyanines, 476, 553 
Galloflavm, 480, 553 
Gallotannic acid, 489, 490, 549, 573 

— inks, 489 

Galls, 489, 490, 549, 573, 574 
Gall’s wine improving method, 246 
Gambia, 346, 347, 549, 573-574, 577 , statis- 
tics, 575 
Gambine, 479 

Gamboge, 348, 486 , constants of, 350 
Garbage fat, 26 
Carctma morella^ 486 
Garnet lac, 348 

Garrique’s process of glycerol recovery, 126 
129 

Gas, 389, 408 (see also Coal ms^ Oil gas^ 
etc , acetylene (see Acetylene gas) , air 
(see Air gas) , analysis, 408 , calorific 
value, 390 , candle-power, 392 , carbur- 
etted, 395, 397 ; coal, 389-396 (see also 
Coal gas) , composition of, 392, 396 , ex- 
plosive mine, 636 ; heating value of, 389 , 
illuminating value, 399, 41 1 ; leakage of, 
396 , literature of, 389 , meters for, 130 ; 
natural, 400 , oil, 398, 399 (see aUo Oil 
gas), purification of, 393, 395, 398, 
storage of, 396 , wood, 325 

— black, 509 

— coal, 390 

— holders, 396 

— meters, 396 

— retorts, 39^>-392 

— works, 393 
Gaslight papers, 279 
Gasolene, 279 
Gasoline, 7, 8 
Gasometers, 396 

Gastric juice, action on gelatine, 568 ; 

enzymes in, 220 
Caulfkerta ptocumbens, 384 
Gelatine, 595 596, 654 (see also Glue ) , 
action of alum on, 527, 588, 593, 594; 
action of bichromate on, 527, 584 , action 
of enzymes on, 568 ; action of ferrous 
sulphate on, 593 ; action of formaldehyde 
on, 593, 596 ; action of gastric juice on^ 
568 ; action of tannin on, 527, 593, 595, 
596 , agar-agar, 596 ; blasting, 629-632, 
644 ; combinations of, ^68 (see also 
under Tanning) , composition of, 593 ; 
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estimation of, m soap, 119 , fining, 245 ; 
insoluble, 596 ; literature of, 593 , rubber 
substitutes from, 364 , uses of, 596 ; 
waterproofing with, 527 
Gelatine colours, 656 

— dynamite, 62^632, 635 (see also Blasting 

gelatine ) ; composition of, 644 

— silk, 214 

— astralite, 636 
Geibholz, 485 
Gelbkraut, 486 
Gelbwurzel, 486 

Gelignite, 629, 630-632 , composition of, 644 

Geloxite, composition, 644 

Gentianine, 477 

Geraniol, 134, 136 

Geranyl acetate, 138 

Germ, barlev, 255 , breathing of, 255 ; maize, 
182 , wheat, 179 
German dye industry, 439-440 

— lager beer, 276-277 

— machine, 51 

— malting kilns, 263 

— starch industry, 176 
Germania Werke, loof 
Germinating barley, changes in, 255, 259 

— floors, 259 

Germination, loss of weight during, 264 
Germinative power, determination of, 255 
Giant powder, 644 
Gliders* whiting, 507 
Gin, 283 

Ginger-bcer plant, 230 
Gironde, 283 
Glac^ kid, 537 
Glacial acetic acid, 330-332 
Glacier blue, 468 
Glanzstoff, 213 
Glasgow, 397 

Glauber’s salt, 524 ; use in dyeing, 545 

Glazes, starch, 183 

Glazing machine, 583 

Gliadin, 179 

Globulin, 69 

Glove kid, 588 

Glover-West carbonising retorts, 392 
Gloves, statistics, 565- 5^ 

Glow-lamp standard, 410 
Gloy, 183, 184 
Glucase, 22 1 

Glucose, 141, 142, 166-168, 177, 221, 246, 
579 

— diflfusibility of, 154-155, equivalency of 

to other brewing materials, 273 ; estima- 
tion of, 169 , manufacture of, 166- 168 , 
resence of, in cane-sugar mice, 155, 160, 
ydrate of (see Dextrose hydrate\ 168 

— syrups, 167-168 

Glucosidcs, decon^sition by ferments, 221 
Glucosines, 167, 168 

Glue, 203, 593-595 (see also Gelatine ) ; action 
on, of alum, 593, of ferrous sulphate, 593, 
of formaldehyde, 593, of tannin, 593, 
S9S . . bone, 594-595 ; casein, 79, 596 ; 
chemical composition of, 593 ; de- 


colounsation of, 594 ; fish, 5^5 j liquid, 
596 ; literature, 593 , manure, 5^ , pre- 
paration from tanned leather, 594 ; 
rubber substitutes from, 364 , statistics, 
596 , testing, 203, 595 ; uses, 595 
Glutamine, 259 

Gluten, 177, 178, 179) 180, 593 , meal, 182a; 

starch, 178, 180, wheaten, 177 
Glutenin, 179 
Glutin—see Gluten 
Glutoform, 596 
Glutol, 596 

Glycerides, 3, 20, 21, 73 , di-, 21 ; mixed, 21, 
74 , mono-, 2 1 
Glycerin — see Glycerol 

— dinitrate, 623 

— monochlorhydnne, 623, 624 

— polymerised, 623 

Glycerol, 3, 20, 89, 90, 91, 92, loi, 102, 103, 
106, 107, 108, 109, no, 122-131, 194, 
222, 293, 370, 428, 561, 586, 620 ; addi- 
tion of, to wine, 247 , bone acid solution, 
130 , crude, 124 , decolourisation of, 125 ; 
detection of, 118, 119, 130, 131 , distilla- 
tion of, 124-125, 128-129, dynamite, 
126, 130, estimation of, 118, 119, 130, 
131 , extraction, 93, foots, 125, 126, 
half- refined, 125 , loss by evaporation, 
124, nitrating process, 620-622, nitnc 
esters of, 620-624 , occurrence in fer- 
mented mash, 226, 251 , presence of, in 
fats, 1 10, 130, presence in inks, 491, 
presence in wine, 251 , properties of, 
130 , recovery of, 109, 122-126 , refined, 
126, soaps, 106-107, 114, 117, solu- 
bility of ferments in, 220 , solvent pro- 
perties of, 130, statistics, 130; trans- 
parent soaps, 1 1 2- 1 14 , uses of, 129- 130; 
yield from various soap-stock, 1 10 
Glyceryl acetate, 383 

— borate, 130 

— phosphoric acid, 130 

— sulphate, 91 
Glycin, 658 

— red, 655 

Glycogen, rate of fermentation of, 240 
Glycol, isobutylene, 251 
Goat hair, 517 

— milk, 67 

— skins, 569, 582, 587 
Gold toning baths, (sGo 
Golden syrup, 163 

Goldschmidrs formic acid process, 370 

Golf balls, 364 

Goloshes, rubber, 361 

Goose fat, 40 

Gooseberry wine, 249 

Gossypium^ 515 

Grading barley, 257 

Grain, alcohol production from, 280 ; photo- 
graphic, 654, 661 

— boilings of sugar syrup, 160 

— distilling, 285 
Graining soap, 102 
Gramoimone cylinders, 18 
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Grandmoigin, 462 
Granulated sugar, 166 
Granules, 227 

Grape juice, 168, 229, 243; composition of, 
243 , fermentation of, 243-244 , sugars 
of, 242 

— nuts, 179 
— • oil, 251 

— seed oil, 43* 54 , 57 , 242 

— sk;ns, fermentation of, 251 

— sugar, 229 , see Fructose^ Invert sugar 
Grapes (see aUo Vme cultivation)^ pressing, 

242 , sugar content of, 242 ; dedoccu- 
lated, 12 

Graphite paints, 506 
Grass, ramie, for mantles, 406 
Grasses, 187 
Gravy colour, 168 

— salt, 168 

Gray — see under Grey 
Grease, cart, 60, distilled, 60; lubricating, 
II, rosin, 331, soap from, 109- no, 
Wakefield, 53 ; wood, 53 , Yorkshire, 
5 3, "60 


Grease-proof paper, 202 

Greek Islands vine cultivation, 242 

Green leather, 588 

— malt, 259, 260, 286, 292 

— naphtha, 8 

— oils, 8, 60 


— paints, 502 

— soap, no 

— ultramarine, 505 
Grinders, lubber, 361 
Grist, 268, 276 
Grits, 268, 269 

Grondal’s tunnel kiln, 326-327 
Ground nuts, 30 
Growing floors, 259 
Guaiacol, 137, 328, 329, 330 
Guayule, 353, 354 
Guhr dynamite, 629 
Guignet’s green, 508 

Guillaume’s combined distillation and recti- 
fication still, 308-311 , inclined column, 
302-304 , spraying columns, 303 
Guinness & Co , 253, 259, 270 
Gum, 180, 184 , acacia, 346 , accroides, 348, 
350 ; arable, 1 84, 346 , Benjamin, 347- 
348, British, 177, 183, 184, jelutong, 
358 , jumper, 349 , kauri, 50, 346, 348 , 
kowrie (see Kauri) , lac, 485 j starch, 
176, 177, 184; tragacanth, 117 
Gumigutt, 486 
Gumming of oils, J2 

Gums, 345-350, action towards solvents, 
350 , definition of, 345 ; identification of, 
349-350 ; literature of, 345 , properties, 
349»35o» statistics, 345 ; table of specific 
gravities, 350 

Gun-cotton, 624-629, 635 ; detonation of, 627, 
628 j displacement plant for, 626 ; pro- 
perties of, 628 j 629 ; pulping of, 627, 
628 ; stabilisation of^ 626 ; test^, 642- 

643 


Gunpowder, 323, 619-620, 635 
Gutta-percha, 365, 365^1; substitutes, 21 x 
Gutti, 486 
Gyle, 316 

Gypsum, 245, 266, 507, 561 


H 

Hair, statistics, 519, artificial, 215, camel, 
517 , cow, 517 , goat, 517 , horse, 517 , 
human, 519 , llama, 517 
Haematein, 484, 551 
Hcematoxylm, 484, 490, 551 
Hcematoxylon campechianum (see Log'wood\ 
483, 55 1 

Half-corn separators, 257 
Half-stuflf, 195, 199 

Halliday’s sawdust chairing plant, 328 
Halogen derivatives, aliphatic, 376-380 , 
aromatic, 422 

Halogenised indigo dyes, 461-463 
Ham, smoking process, 329 
Handles, 360 
Hank dyeing, 537-538 

Hansen’s apparatus for pure yeast culture, 
231-232 

Hard rubber, 360 

— soaps, loi 

— water, 544 

Hardened fats^ looa et seq , analysis of, 
loq^, iodine, value of, 100/, nickel in, 
100^? , tests for, 100/ , uses of, 1000 

— Otis — see Hardened fats^ Hydrogenation 

of fats 

Harger-Terry hydrogen process, 100^ 
Harness leather, 578 
Harvey express vacuum pans, 160 
Head products, 306, 307 
Heating, regenerative, 390, 391 
Heavy leather tannage, 575-580 

— oils, 417 

— spar, 506 

— tar oils, 329 
Hectographic inks, 491, 492 
Heckmann’s fractionating still, 417, 418 

— glycerol still, 125 
Hedonal, 609 
Hefner lamp, 383, 410 
Hehner values, 54, 64, 75 
Hehndone brown, 556 

— fast scarlet, 556 

— orange, 556 

— red, 556 

— scarlet, 556 

— yellow, 556 
Heliotropin, 137 
Helvetia leather, 589 
Hemisine, 610 
Hemlock, 574 

— bark, 577 

Hemp, 187, 516-517 ; statistics, 518-519 

— bast artificial, 215 

— fibres, 202, 203 



7i6 


INDEX TO SUBJECTS 


Hemp oil — sec Hempseed oil 
Hempel’s gas apparatus, 408 
Hempseed oil, 45, 54, 56, 62, 63, 6$ 

Hen dung, 577 
Henze steamer, 287, 288, 289 
Heptanaphthene, 4 
Heptyl alcohol, 251 
Heratol, 400 
Hercules powders, 644 
Hessian (dye), 545 

— yellow, 447 

Heuman^s indigo synthesis, 459, 464 

Hevea, 353 , yield of rubber from, 365 

Hevea brazihensiSy 353 

Hewitt mercury lamp, 407 

Hexane, 4, 417 

Hexabromindigo, 462 

Hexanitro-diphenylamine, 034 

Hexose phosphates, 222 

Hexoses, 14 1 

Hexyl alcohol, 251 

Hide fibre, combinations of, 568 

— glue, S93-594 , , , , 

— substance, estimation of dissolved, 572- 

573 

Hides, 568 , action of salts on, 569 , rounding, 
575-576 , statistics of, 565-566 
High-pressure soaps, 107 
Hippopotamus hide, 569 
Hock, 247, 248 
Hochst Farbwerke, 224, 459 

— new blue, 470 
Hofmann violet, 469 
Hollanders, 195, 198, 208, 627, 628 
Holophane lumeter, 41 1 
Homogenisation of milk, 82 
Homokol, 655 

Honey, 169 
Hop flour, 254 

— oil, 265 

— resins, 254, 265 
Hopping, 265, 27S» 276 

Hops, 254, 267 , addition to wort, 265, 271 5 
statistics, 252-253, 254 
Hordenine, 613 
Hordeum dtstichum^ 254 

— hexasitchumy 254 

— sativunty 254 

— vul^arey 254 

— zeocntotiy 254 
Horn, artificial, 210-211 

— substitutes, 79, 80, 2 10-2 1 1 
Horny materials, 21 1 

Horse, fat, 41, 62 , foot oil, 41 ; hair, 517, 
519 , artificial, 215 ; milk, 67 
Hose, rubber, 362 
Hot air drying, 543 

— extraction plant, 32 

— feints, 298 

— solvent process for oil extraction, 31 
Human hair, 519 

— silk, 67, 68 

Humphrey & Glasgow’s carburetted water- 
gas plant, 297, 398 
Humulus lupuluSy 254 


Husks, removal from malt, 268-269^ 

Hyaenic acid, 20 
Hyaline layer, 567 
Hydrastine, 615 
Hydrastis canadensis ^ 615 
Hydrated pressure soaps, 108 

— soaps, 107 
Hydraulic leather, 587 

— mam, 393 
Hydrazine, 376, 654 

— hydrate, 638 

Hydrocarbons, 4, 5 , estimation of, in gases, 
408 , see also Antkraceney Benzene y etc. 
Hydrocellulose, 187, 188, 197, 516, 624 

— gun-cotton, 197, 202 

— sulphuretted, 197 

Hydrochloric acid gas, 340, 366^, 366^/, 366^, 
382 

Hydrocyanic acid, 393, 394, 395 
Hydro-extractors, 541, 543 , see also Turbtnesy 
161, 162, 163 

Hydrofluoric acid, 228 , coagulation of latex 
by, 354 , hydrolysis by, 167 , use of, in 
mashes, 291 

Hydrogen, 99, loody looCy 392 , active, loody 
100/1, amount required for hvdiogeni 
tion, ioo</, dissociation of, 100^, 100//, 
estimation in gases, 408 , for military 
balloons, 406 , lifting power of, 406 , 
manufactuieof, loo^^, 100^,406 , nascent, 
reduction by, 100, locw, loob , pressure 
effect on hydrogenation, looc , processes 
for manufacture of, 100^ , production 
from acetylene, 406 , production from 
formates, 369 

— peroxide bleaching, 38, 19^, 523, 525 

— sulphide, presence in coal-gas, 393*396 , 

removal from acetylene, 400 , from coal- 
gas, 395 

Hydrogenated Oil Co , ioof 
Hydrogenation of fatSy loo/i et seq , amount 
of hydrogen required, lood y Bedford- 
Erdmann process for, \oom , Calvert’s 
process for, 100/ , catalytic poisoning, 
looc y conditions of success, loof , con- 
tinuous process for, ioa4 , dry process 
for, 100^ et sea , effect of impurity on, 
100c y effect of pressure on, 100^, loo^r , 
Ellis processes for, 100/ ; Fuch’s process, 
loody loon , heat evolved in, 100^, 100^ ; 
Kayser process for, 100/, looj , Lessing 
process, loo/i, 1000 , mixing oil and gas, 
looc , Martin process for, looa, 100^, 
looc y nickel recovery from, looh ; 
Normann processes for, loofetseq ; pro- 
cesses for, (00^ et seq , reduction of 
nickel oxide, loonty loon , Shukoff pro- 
cess, loon ; temperature of, looc, ioq4 
100^; Testrup’s apparatus, loot; theory 
of, loob , velocity of, 100^ ; wet pro- 
cesses for, 100/ ; Wilbuschewitsche pro- 
cess for, loo/y loojy looky loot ; Wimmer 
Higgin’s process, loom 
Hydrolysis— see under Sapomjkation, Fats^ 
Fatty acids 
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Hydroly^s by enzymes, 220, 227 
Hydrometer degrees, 665, 666 
Hydroqumone, 659 

Hydroquinone-eikonogen developers, 659 

Hydrosulphite vat (indigo), 554 

Hydroxyphenylarsonic acid, 614 

Hydroxyphenylethylamine, 612-613 

Hydroxysteanc acid, 98, 99 

Hygrine, 603 

Hypjise, 225 

HypKomycetes, 225 

Hypnal, 380 

Hypnotics, 379, 608-610 

Hypo, 586 

Hypochlorite, 520 

Hypochlorites, 196 

Hypo destroyers, 660 

Hypogaeic acid, 21 

Hypoxanthine, 67 

Hyross-Rak pressure-diffusion process, 147- 
148 


I 

Ice colours, 558 
Ichthalbme, 614 
Ichthoform, 614 

Ichthyol, 614, statistics, 602; albumen, 614, 
sulphonic acid, 614 

Ilges’ combined distillation and rectification 
plant, 307-309 > dephlegniators, 303, 
distilling columns, 302, 303, 305 
Illuminating gas industry, 389-408 
~ oils, 5, 6, 9 

— power of light sources, 408 
Iminazolylethylamine, 613 
Imitation parchment paper, 202 
I m medial, 546 

— black, 478 

— sky blue, 478 
Imperial schulize, 646 
Impotence, 616 
Impregnating timber, 190 
Incandescent gas lighting, 389, 407 

— mantles, 207, 215, 407, 408 
Indamines, 474, 480 

Indanthrene, 454 , blacks, 556 , blues, 454, 
556 , brown, 556 , claret, 556 ; colours 
(list of), 556 ; copper, 556 , gold orange, 
456 , green, 457, 55^ ; grey, 556 , maroon, 
556 , orange, 556 , reds, 556 ; sulphonic 
acids, 455 , violets, 556 , yellow, 455, 556 
India-rubber, 351-366^ , see Rubber 

— waterproofing, 526, 527 
Indian inks, 405, jo6 

— lac industry, 348 

— red, 501 

— vellow, 486 
Inaican, 458, 554 

Indigo, 458-461, 51 1 , brom-derivatives, 461- 
463, 556 , chlor-denvalives, 461-463 , 
copperas vat, 555 ; dyeing processes, 
461, 536-537, 555-556 , fermentation vat, 
555 ; halogenised, 461-463 ; hydro- 
sulphite vat, 554 ; leuco-compound, 461 ; 
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statistics, 460, 461, 483 ; synthetic, 331, 
332, 439 , 459-460 , vats, 554-555 
Indigo anil, 458 

— blue, 460 ; see Indigo 

— carmine, 461, 491 

— dyeing, 461, 536 - 537 , 554-556 

— red, 461 

— salt, 459 

— solution, 489 

— sulphonic acid, 461, 489 

— white, 554 
Indigofera tincioria, 458 
Indigoid dyes, 466 
Indigotm, 554 , see Indtg§ 

Indirubin, 461, 554 
Indoin blue, 475 

Indol, 138 
Indophenols, 480 
Indoxyl, 459 
Indoxylic acid, 460 
Induline, 383, 475 , scarlet, 474 
Induhnes, 473, 475, 548 
Industrial alcohol, 278-314 , see dXso Alcohol^ 
Spirits 

— fibres, 5 1 5-5 19 , see also Fibres^ Textile 

fibres 

Infusion beers, 276 
Ingram dyes, 545 
Ink-making materials, 490 
Ink plant, 492 

— powders, 493 

— stains, removal of, 370 

Inks, 489-494 , black aniline, 491 ; black 
copying, 491 , black writing, 489-491 , 
blue, 491 , blue-black, 490 , coloured 
writing, 491 , copying, 491-492, Diete- 
rich’s school, 491 , dyes for, 475, 489, 
491 , essentials of good writing, 491 , 
fermented iron gall, 489 , gallic acid, 
489 , gallotannic, 489 , green, 491 ; 
hectographic, 491-492 , literature of, 489, 
logwood, 490-491 , marking, 492 , nigro- 
sine, 475 , printing, 493 ; provisional 
colouring matlei for, 489, Prussian blue, 
491 , red, 491 , red copying, 491 , statistics, 
494 , tannin, 490 , typewriter, 491 , violet, 
491 , violet copying, 491 , yellow, 491 
Insect wax, 53, 62, 63 
Institute for Garungsgewebe, 229 
Insulating coverings for copper wire, 216 
Insulating material, 94 
Insulators, electrical, i8, 214, 216, 360 
Intensifiers, photographic, 660-661 
Intensive lighting, 407, 408 
Intracellular enzymes, 226 
Inulase, 220 
Inulin, 169 

Invertase, 143, 221, 227 
Inversion of sugar, 142 
Invert sugar, 168-169, 246 ; see also Glucose 
Inverting enzymes, 221 
Iodine, reaction with cellulose, 187 ; reaction 
with starch, 177 ; tests with, 203, 206, 
I 291 

I — values, 40, 55, 63 ; of hardened oils, loq^ 
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Iodoform, 380 , preparation, 333, 380, 435 , 
statistics, 380, 602 ; substitute for, 614 
lonone, 136, 137 
Ireland, dairy farming in, 71 
Irisamine, 472, 548 
Irish moss gelatine, 214 

— whisky, 295, 296 

Iron (see also under Ferrous^ Femc\ 
corrosion by sulphur dioxide, 194 ; 
presence in water, 266, 534, 569, re- 
moval from water, 266 , saddening 
effect in dyeing, 534 

— acetate, 332 

— buff, 559 

— catalytic, loo^f 

— hydroxide, 395 

— mordants, 549, 551 

— mould, removal of, 370 

— oxalate developer, 657 

— oxides, 501 

~ pigments, 500-503 

— plate, cutting by acetylene flame, 403 

— pyrites, 194 

— soaps, 104, 123 

— sponge hydrogen process, loo^ 

— sulphate, as soap precipitant, 123; see 

also Copperasy Feme sulphatCy Ferrous 
sulphate 

Isahs tinctonay 458 
Isinglass, 245, 595, 596 
Iso soap, 1 17 
Isoamylamine, 613 
Isoamylchloride, 366^/ 

Isoamyline, 613 
Isoborneol, 340, 341 
Isobutyl alcohol, 251 
Isobutylene glycol, 251 
Isobutync acid, 383 
Isocholesterol, 52, 53 
Isocrotonic acid, 21 
Isocyanines, 655 
Isodulcite, 485 
Isoeugenol, 137, 138 
Isokol, 656 

Isomaltose, 167, 168, 220 
Isonandra gutta, 364 
Iso-oleic acid, 92, 95 
Isopentane, isoprene from, 366^/ 

Isopral, 608 

Isoprene, 366 et seq , manufacture of, 366c- 
366/, polymerisation of, 366^1, 36^- 
production from acetone, 366/f 
from acetylene, 366^/, from amyl alcohol, 
366^*-366</, from butadiene, 3664 from 
coal-tar, 366^, from light petroleum, 
366^, from paracresol, 366^, from 
rubber, 358, from starch, 366^, 366^, 
from sugar, 366^, from turpentine oils, 
366^ , properties of, 366 

— rubber, 366a, 366/366^ ; constitution, 

3b6a 

Isopropyl alcohol, 435 
Isopropylethylene dicbloride, 366^/ 
Isorosindulmes, 473 
Isosafrol, 137 


I so valerate, amyl, 383-385 
Isovaleric acid, 384, 385 
Isoviolanthrenes, 457 
Istle fibre, 517, 519 
Italy, vine cultivation of, 242 
Ivory, artificial, 79, 210, 21 1 

— black, 505 

— substitutes, 79, 210-21 1 


j 

Jaboiandi,6i5 
Jamaica rum factory, 293 

— rum yeast, 230 
Jan Dekker, 100/; 

Janus red, 445 

Japan, 286 , alcohol-producing moulds of, 
225 , camphor monopoly of, 342 , Soja 
bean industry of, 44 

— earth, 486 

— tallow, 42, 54, 58, 6r, 62, 527 , see Japan 

wax 

— wax (tallow), 42, 54, 58, 61, 62 , water- 

proofing with, 526 
Japanese galls, 490 

— lacquer, 49 

— peppermint oils, 135 

— rice beer, 249 

— sardine oil, 62 
Jasmin oil, 138 
Java cane, 155 

— copal, 348 
Jelly, mineral, 22 
Jersey cow milk, 68 

Jiggers, 536, 537 , . , 

Jobbin s evaporator, 124; glycerol distilling 
plant, 124 

Jones & Vaughan fleshing machine, 571 
Juices, beet, 150, 155-159, cane, 154, 155, 
156, citric, 374, diffusion, 150, grape, 
168, 229, 242, 243 , composition of, 243 ; 
lemon, 374 , I»nie, 374 
Jumper, 283, 349 
Jurgene, Ose, \oof 
Jute, 187, 516 , statistics, 518, 519 


K 

Kachin, 659 
Kahm yeasts, 230 
Kaiser^s diffusion process, 148 
Kalio-tonal, 130 
Kalsomine, 5 1 1 
Kaolin, 200, 504, 561 
Karbonium Fabrik, 405 
Kantd oil, 42 
Kaspine leather, ^89 
Katechu, 486 
Katigene, 546 

Kayscr hydrogenation process, 100/, loq^ 
Kaun gum, 50, 346, 348, 350 
Kcirs, 521-522, 523, 524 
Keith’s oil gas system, 399 
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Kellner’% electrolytic process, 196 
Kephir grains, 70 
Keratme, 21 1, 517, 567, 568 
Kermes, 552 

Kernels, palm, 30 , statistics, 22 
Kerosene, 6, 7, 9 ; cost of, 279 , heating value 
of) 279 j specific gravity of, 279 , use as 
motor fuel, 279 

Ketones, 332 , aromatic, 434 , essential oil, 
137 ; perfuming, 137 ; separation of, 136 
Kettle soap, 102 
Khaki, mineral, 559 
Kidneys, 606 , enzymes in, 220 
Kieselguhr, 221, 629 

— dynamite, 629 
Kiln turners, 621 
Kilned malt, 286 

Kilns, charcoal, 165 ; Grondal’s tunnel, 326- 
327 , malt, 256, 260, 263 
King’s yellow, 508 
Kips, 569 

Kjeldahl’s method for nitrogen, 572 
Klauder-Weldon Dyeing Machine Ca, 538, 
539 

Kneading machines, 180, 631 
Knoppern, 574 

Kohler’s hot diffusion process, 148 
Koettstorfer value, 75 
Kokowai, 502 

Koppeshaar’s method of phenol estimation, 
121 

Kowrie gum, 346, 348, 350; see Kauri gum 

Kraft papers, 195 

Krajewski crusher, 153 

Krapp, 489 

Krebitz’s process, 109 

Kreosol, 328, 329 

Kreuzbeeren, 485 

Kryogene, 546 

— black, 556 
Kynite, 645 

Kynoch’s smokeless powders, 646 


L 

La Brea, pitch lake, 18 
Lab, 22 1 

Lac, 348-349 » constants, 350 

— dye, 346, 348, 485, 552 
Laccase, 221 
Lachmus, 484 

Lacquers, 48-49 , artificial, 21 1 , Chinese, 49; 

gold, 348 ; Japanese, 49 
Lactase, 221, 226, 227, 240 
Lactic acid, 225, 228, 241, 293, 317-320, 550, 
555, 581, 606; bacteria, 70, 73 , 76 , 77 , 
224, 225, 318, 319; bating with, 581, 
literature of, 317 ; manufacture of, 318- 
319; properties of, 319 ; purification of, 
319 ; salts of, 319, 320 ; statistics of, 318, 
320 ; uses of, 235, 291, 320 

— fermentation of milk, 70 ; of sugar, 143 
Lactochromes, 85 
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Lactones, perfuming, 138 
Lactolin, 319 

Lactose, 14 1, 169 , see Mtlk sugar 

— rate of fermentation of, 240 
Laevulinic acid, 358, 366^ 

— aldehyde, 358 
Laevulose, 230, 242, 243 , rate of fermenta- 
tion of, 240 

Lager beer, 228, 276-277 

— yeast, 229 

Lakes, 510-511, 548 ; alizarin, 552 , coal-tar 
colours, 443, 510 , natural dye, 510 
Lamp filaments, 189 

— oils, 5, 9 
Lampblack, 506 
Lanachite, 500 
Lanacyl blue, 442 
Landolphia, 353 

Lane’s hydrogen plant, 100^ 

Lanolin, 53 54, 60, 517 , waterproofing with. 
526 

— alcohol, 52 
Lanthanium salts, 406 
Lanuginic acid, 532, 547 
Lapis lazuli, 504 
Laich, 574 

Lard, 22, 24, 25, 40, 54, 57, 61, 62, 87 ; detec- 
tion of cocoa-nut oil m, 63 , iodine 
value of, 36 , neutral, 85 , refining, 38 , 
statistics, 23 , 23, 24 

— oil, 26, 40, 54, 57 , statistics, 24 

— oil soap, 1 15 

— stearine, 26, 87 

— substitutes, 39, 87 , statistics, 88 
Lanx europa^ 574 

Latex, rubber, 353-355 
Laundry soap, 1 10 

— starch, 178 
Laurent degrees, 170 
Laurie acid, 20, 42, 74 
Laurm, 20 
Lautermaische, 276 
Laval separatois, 235 
Lead acetate, 331-332, 526 

— acetate driers, 47 

— azide, 638 

— carbonate, 370 

— chromate, 500 

— driers, 46, 47, 48 

— linoleat driers, 47 

— oleate driers, 47 

— oxide, 1 94 

— oxychloride, 500 

— pigments, 497-500 

— rosmate driers, 47 

— soaps, 46, 47, 48, 1 01 
Lead, sugar of, 331-332 

— sulphate, 500 

Leather, 565-589 , alum tannage, 588 , analysis 
of, 583-584, 587 , belting, 578 , box-calf, 
587 , buff, 589 ; calf kid, 588 , chamois 
589 ; chrome, 584-587 , crown, 589 , 
Dongola, 588 , dressing, 577-580 ; d> es 
for, 479 , dyeing processes, 319, 5B2-583, 
586 ; glac6 kid, 587 , glove kid, 589 ; 
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gram of, 567 ; green, 589 , harness, 578 \ 
Helvetia, 589 ; light, 580-583 ; literature, 
565 , ricms, 589 ; Russian, 329 ; sole, 
57^578 ; statistics, 565-566 , strap, 578 j 
stuffing process, 579 ; untanning, 594 ; 
wash, 589 ; willow-calf, 587 
Leather polish, 19, 53 
Lecanora, 484 
Lecithin, 67, 597 
Lees, wine, 371 , see Wine lees 
Lehner^s artificial silk, 212, 213, 215; tests 
for, 216 

Leidgen machine, 571 
Lemon, 373 

— chrome, 507 

— grass oil, 135, 137 

— juice, composition of, 374 

— lac, 348 

132, 135 

Lemonades, 250 

Lentisc tree, 349 

Leonhardi’s test for sizing, 203 

Lepidinquinolinethylcyaninbromide, 655 

Leptotneheae, 223 

Leucin, 77, 221, 259 

Leuco base of malachite green, 467 

— compounds, 461, 553, 554 , indigo, 

461 

Leucole colours, 556 
Levant galls, 490 
Level dyeing, 544 
Levelling agents, 547, 549 
Lever Bros , loof 
Levulan, 143 
Levulose, 141, X68-169 
Licella, 197 

Lichtenhainer beer, 229 
Light beer, 277 

— leather, 580, 582 

— oil, 417 

— petroleum, 7-8 ; butadiene from, 366^ , 

isoprene from, 366^/ 

— standards, 409 

— tar oils, 329 

Lighting, intensive, 407, 408 
Ligmn, 192, 194, 195 
Ligninsulphonic acid, 194, 195 
Ligroin, 8 

Lime, 373, 395, 512, 544, 555 , burning in 
sugar factories, 153 ; depilation by, 570- 
571 , effect in dyeing, 534 , saponification 
by, 89, 90 , sugar recovery from molasses 
by, 164 , sugar syrup defecation by, 150, 

1 5 1, 155 , sulphided, 395 

— acetate, 328 , see Calcium acetate 

— blue, 503 

•— caseinate (see Casein Calcium caseinate\ 
glueing with, 596 ; waterproofing with, 

527 

— green, 505 

— juice, 374 

— liquors (tanning), S 7*-573 

— purifiers, 395 

— sucrate, 142, 143 , see Calcium sucraU 

— yard, chemical control of, 571 


SUBJECTS 

Limes, essential oils, 132 
Liming skins, 570-571 

— sugar syrups, 1 50-1 51, 155, 164 
Limonene, 342 

Lmalol, 136 

— oil, 136 

Linalyl acetate, 1 35, 1 38 
Linde’s process of acetic acid manufacture, 
331 

Linde- Caro hydrogen process, 100^ 

Lindner’s yeast culture apparatus, 232-233 
Linen, 516 , bleaching of, 520 ; estimation in 
waterproof cloth fibres, test for, 203 , 
rags, 198, 202, 204; statistics, 518-519; 
waterproofing, 526 
Linolein, 21 
Lmolenic acid, 21 
Linoleum, 49-52 

— cement, 50 

Linolic acid, 21 , iodine value of, 63, fatty 
acids of, 21 
Linoxyn, 49-50 
Linseed cake, 22, 23, 24 

— oil, 45-46, 54, 5<^> 61, 62, 63, 64, 65, 

adulteration of, 63, 64, 65 , bleaching, 
38 , extraction, 27 ; flashpoint of, 9 , 
oxidised, 49- 50 , polymerised, 50 , refin- 
mg, 36) 37, 38 , solidified, 49-50 , solvent 
for resins, 349 ; statistics of, 22, 23, 24 , 
testing, 46 

— oil soap, X09-XXO, 1 1 5, 1 17 
Lihum usitatissimum^ 45 

Lipase, 221 , in castor seed, 93; synthesis 
by, 220 

Liquid glue, 596 

Liquors, sugar, analysis of, 142 

Litharge, 498 

— driers, 47 
Lithol red, 443 
Lithopone, 497, 508 
Litmum, 485 
Litmus, 484 
Llama hair, 517 

Loading agents, for paper, 200; for soap, 

117 

Loaf sugar, 166 
Local anaesthetics, 603-606 
Logwood, 483-484, 548, 551-552 , dyeing pro- 
cesses, 55 1-552 ; dyeing purple on cotton, 
551, dyeing silk, 550; extraction of, 
484 ; statistics, 483 , testing, 484 

— blues, 551, 552 

— inks, 490-491 

— liquors, 551 
Lonaon, gas lighting, 389 
Long malt, 256, 285-286 

Loose fibrcj dyeing, 538-541 ; drying, 543 
Lovibond tintometer, 263^ 

Loxopteryngium Lorenzii^ 574 
Lubricants, literature of, 4 
Lubneating grease, 1 1, 60, 94 

— oils, 5, 7, xo II, 53; demargmation o^ 

38 ; tests, 12 
Lubrication, n 
Lumi^re’s autochrome, 654 
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Luminefcencc, 407 

Luminosity of coal gas, 395 

Lummer-Brodhun photometer, 409 

Lupulin, 254, 259 

Lustra cellulose, 189 

Luta burners, 403 

Luteola, 486 

Luteolin, 486 

Lyddite, 632 

Lye,»i()2, 103; starch, 178; sulphite, 195 


M 

M‘Robert’s mixing machine, 631 
Maceration of cane, 154 
Machines, paper, 201 
Madder, 484, 493 
Madeira wine, 246, 248 
Magdala red, 548 
Magdeburg, 17 1 
Magenta, 469, 531 

— powder, 491 

— safranine, 548 

Magnesia, 544 , in grape juice, 243 ; in lime, 

571 

— alba, 629 
Magnesite, 507 
Magnesium, acetate, 216 

— amalgam, ^ 66 / 

— carbonate, 266 

— chloride, 183, 196, 203, 561 

— hypochlorite, 196 

— oleate, 8 

— phosphate, 227 

— pi crate, 656 

— pigments, 507 

— powder explosives, 636 

— powder flashlights, 657 

— soap, 8, loi 

— sulphate, 524, 527, 561 
Mahwa butter, 42, 54, 57 
Maisch kessel, 276 

Maize, 178, 182, z 66 g y composition of, 178, 
284 , equivalency of flaked to barley, 
273 , mashes of, 235, 289 
— - distilleries, 282 

— germ, 182 

— malt, 285, 286 

— mash, 235, 287-289 

— oil, 44, 54, 56, 61, 87, 182; detection in 

lard, 63 

— starch, 176, 178, 182 
Maizena, 182a 
Malachite, 503 

— green, 468, 548 

— dyes, 467, 468, 469 
Malaga wine, 248 
Malaxeurs, 151 
Malaya rubber, 365 
Malic acid, 246 

Malichar-Cerny hot diffusion system, 148 
Malt, 220, 253-264, 267 , acidity of, 263^ , 
analysis of, 263^ et Kcq , bailey, 286 , 
black, 265 ; brewers, 256, 285-286 , 


browned, 265 ; cold water extract, 263^ ; 
composition of, 263, 263^2 ; conveying, 
261, 263 ; diastase in, 226, 264 ; diastatic 
strengths, 263^, 285, 286 , distillers, 256, 
285-286 , drying processes, 260 , extract- 
ive substances in, 263, 264, 265 , green, 
259, 260, 286, 292 ; grinding, 268 , grind- 
ing mills for, 264, 268 , ground, 276 , 
growing floors, 259 , growth of, 256 , 
invertase in, 221 , kilned, 286 , kilning 
process, 260 , kinds of, 286 , long, 256, 
285-286 , maize, 286 ; manufacture, 253- 
264 , moisture absorption by, 263, 263^ , 
oat, 286 , nitrogen estimation, 263^ , 
pneumatic transport of, 267 , rye, 286 ; 
saccharification test, 263^ , short, 256, 
285-286 , sinker test, 263/^ , statistics of, 
252-253 , storing, 261, 263 ; sugar in, 
263 , turning, 259, 261 ; wheaten, 286 , 
withering process, 260 , wort derivable 
from, 273 , yield of, from barley, 263, 
263^1 

Malt house, 259 

— kilns, 256, 260 

— mills, 264, 268-269 

— screens, 257, 267 

— sugar, 141 

— vinegar, 3 *5-3 *7 

— wort, rate of fermentation of, 240 
Maltase, 227, 253 

Malting, brewery, 256 , distillery, 256, 285- 
286 , floor system of, 256 , Plischke 
system, 263 , pneumatic, 262 , seasons 
for, 256 , starch loss during, 2^ , sugar 
loss duiing, 260 , theory of, 255-256, 259 
Malto-dextnnes, 264, 265 
Maltose, 14 1, 167, 168, 221, 230, 253, 265, 
292 , glucose from, 221 , iso-, 167 , osa- 
zone of, 265 , presence in wort, 273, 275 , 
production from starch, 177, 220, 264- 
265 , properties of, 265 , rate of fermenta- 
tion of, 240 
Malzbiere, 229 
Manchester brown, 447 
Manchuria, Soja bean industry, 44 
Mandelic acid, 607 
Manganese black, 508 

— borate, 47 

— brown, 559 

— carbonate, 47 

— dioxide, 35, 46, 47, 508 

— driers, 46, 47 

— hydroxides, 47 

— linoleate, 47 

— oleate, 47 

— oxalate, 47 

— pigments, 508 

— rosinate, 47 

— soaps, 46, 47, loi 

— sulphate, 47 
Mango tree, 486 

Manifold copying apparatus, 492 
Manihoi uUhsstmay Pohl, 175 
Manilla copal, 348 

— elemi, 348 
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Manilla hemp, 203, 517, 519 
Mannite, 245 
Mannitic bacteria, 291 
Mannose, rate of fermentation of, 240 
Mantles, incandescent, 406-407 
Manure, sludge cake, 151, 152; starch 
waters, 170 
Maori, 502 

Maple sugar, 141, 169 
Maranta arundinacea^ 175 

— tndtca^ 175 

Maranta starch, 178 , see Arro'iiroot starch 
Marc, 243 
Mare milk, 67 
Marganc acid, 20 

Margarine, 20, 39, 85-88 , cocoa-nut fat in, 
87 , colouring of, 87 , detection m butter, 
75, 87 , deodorised oils for, 35 , distinc- 
tion from butter, 62, 87 , raw materials 
for, 85 , refractive index of, 62, 74, 87 , 
statistics, 88 , stearic acid in, 87 

— cheese, 39, 78, 87 
Margosa oil, 41 
Marking inks, 492, 493 

— nut, 492 
Marine glue, 596 

— soaps, 107, no, 1 16 
Martin Dennis Chrome Co,, 581 
Martius yellow, 479 
Mascoline, 574 

Mash tuns, 269, 270 

Mashes, acidity of, 291 , alcoholic strength 
of, 295 , distillery, 287-289, 291 , formic 
acid in, 371, maize, 287-289, 235, 
potato, 287-289, 292 , tests, 290 , thick, 
292 , whisky, 287 

Mashing, apparatus for, 234, 268-271, 290 , 
English process, 268 , German process, 
276 , malt, 268 , theory of, 253, 264, 
286-287 

Massachusetts official ink, 489 
Massecuite, 160, 161 

— receivers, 159 
Mastic, 349, 350 
Masut, II 

Mather dc Platt’s mercerising range, 205, 206 
Maumene test, 65 
Mauve, 439, 548 
Mauveine, 475 

Meal, extracted, 33 ; molassine, 163 
Meat, putrid, 613 , smoking process for, 331 
Mechanical stokers, 391 

— wood pulp, 192, 202, 203, 204 
Mercuric chloride, 228 
Medicated soap, 117 
Medicine— see Synthetic drugs 
Medullic acid, 20 

Medullin, 20 
Megass, 159 
Meilers, 323 
Meisenburg, 36^ 

Meissl value, 55, 64 
Mekong yellow, 449 
Melanorrhea, 49 
Melanthrene, 556 


Melassigenic power, 142, 143, 161, 03 

Meldola’s blue, 476, 548 

Melibiase, 221, 227 

Melibiose, 221 

Melinite, 632 

Mellissic acid, 20 

Melting points of oils, 56, 57, 58, 59, 62 

Mendip hills, 502 

Menhaden oil, 26, 54, 58, 63, 65 

Menthol, 135, 137 

Mercaptan dyes, 458 

Mercaptans, 195, 245 

Mercerisation, 205, 206 

Meick’s Annual Reports, 601 

— Index, 601 

Mercuiic chloride impregnation, 190 
Mercury fulminate, 637-638 , substitutes, 
638 , testing, 643 

— intensifier, 660, 661 

— lamp, 366^, 366^/ 

— pigments, 508 
Merino wool, 517 
Mesitylene, nitro derivatives, 634 
Mesophenylxanthene, 471 
Mesotan, 384 

Metachloral, 379 
Metadinitrol3en2ene, 423 
Metadiphenylenediamine, 426 
Metallisation of timbei, 190 
Metals, catalytic, 93, 100^, colloidal, saponi- 
fication by, 93 
Metanil yellow, 442 
Metanitrotoluene, 423 
Metaxylene, 421 
Meteor silk, 213 

— yarn, 215 

Methane, 4, 392 , estimation of, 408 ; 

formaldehyde from, 375 
Methionic acid, 381 
Methoxymethylsalicylate, 384 
Methven gas lamp, 410 
Methyl alcohol, 294, 332-333, 425 ; electro- 
lysis of, 435 , formaldehyde from, 375, 435 

— anthranilate, 138 

— benzoate, 384 

— bromide, 332 

— butadiene, 366 , see Isoprene 

— butadiene rubber, 366^1 ; see Isoprens 

rubber 

— chloride, 322, 366^, 376-377, 460 

— divinyl, 366, 366cr 

— ether, 382 

— formate, 375 

— green, 469, 54 ^ 

— naphthylene, 418 

— saccharine, 171 

— salicylate, 384 

— sulphate, 376 

— urea, 616 

— violet, 491, 492, 469, 548 
Methylamine, 460 
Methyl anthracene, 419 

— anthranilic acid, 460 

— ethyl ketone, 332 

— naphthyl ketone, 209 
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Methyl cytho-amidophenol, 658 

— phenylbutadiene, 366^ 

— propylcarbinolurcthane, 609 

— tetramethylene dichloride, 366^/ 
Methylated spirit, 281, 294, 333 ; see 

Denatured alcohol 

Methylene blue, 216, 477, 548, 656, 657 ; test 
for bacteria, 72 

— violet, 474 
Metol. 658, 659 
Metolnydroquinone, 658 
Metric weights and measures, 663 
Meyer’s charcoal kilns, 323, 324 
Middle juice, 160 

— oils, 417 
Middlings, 179 
Midfeather, 198 
Migraneme, 607 
Mikado orange, 450-451 

Milk, 66-73 > a lulteration of, 71 ; albumin in, 
68, 69, 72, 80, analysis of, 70, ash of, 70, 
71 , bacteria in, 72 , butter, 73 , Channel 
Islands cattle, 68 , composition of, 67, 83 , 
condensed, 81, 82, 84 , deterioration of, 
71 , dirt in, 70, fat of, 71 , fat separa- 
tion from, 81 , fining, 245 , homogenisa- 
tion of, 82 , lactic acid fermentation of, 
70 , mineral matter in, 70 , protein of, 68, 
69, 71 , ripening of, 76, 86 , salts of, 70 , 
skim, 83 , size of globules of, 68 , solids 
in, 71, souring of, 70, 75, 76, 225, 
specific gravity of, 70 , spray evaporators, 
83 , various kinds of, 67 , whole, 83 

— curd, 69 , horn-like substances from, 210 

— powders, 81-84, analysis of, 84 , composi- 

tion of, 83 

— serum, 86 

— stout, 73 

— sugar, 67, 68, 70, 71, 72, 73, 78<», 81, 83, 

86, 14 1, 169 (see also Lactose ) , enzyme 
hydrolysis of, 22 1 , fermentation of, 226 , 
manufacture of, 78^, uses of, 7861 ; yeasts, 

221 

Milking, precautions, 72 
Mildew, 190, 191 

Milled soap, 106, 111-112 ; base for, 103 
Milling cloth, 562 

— yellow, 443 

Mines, 628 ; safety explosives for, 634-636 ; 
testing gases of, 636 

Mineral colours, 497, 512 , see Pigments 

— dyes. 559 

— green, 503 

— jelly, 13, 22 , see Vaseline 

— khaki, 559 

— oils, detection of, in fatty oils, 65 ; manu- 

facture of, 4-10; tests for, 63 
pitch, 18 

— • salts, effect on crystallisation of sugar, 
142, 143, 161, 163 

— seal oil, 398 

— tannages, 584 

— waters, 249-250 

— waxes, 15 

— white, 507 


Mineral yellow, 500 
Mixed coal gas, 396 

— glycerides in butter, 74 

— oils, I I 
Mixers, rubber, 361 

Mixing machines, 180, 199, 631 
Modern violet, 476 
Moellon, 589 
Mohair wool, 5 1 7 
Mohrah-seed oil, 42, 54, 57 
Mohwrah buttei, 42, 54, 57 
Moist chambers, Bottcher, 230, 231 
Molascuit, 163 

Molasses, 142, 161, 163 , alcohol from, 280 
293 , fermentation of, 292-293 , methyl 
chloride from, 376 , sugar recovery from 
161, 163-164 , distilleries, 282 
Molassine meal, 163 
Monazite sand, 406 
I Mondamin, 182^1 
I Monghyi, 486 
Monoacetm, 624 
, Monoazo d>e«, 442-443 
' Monobromfluorescein, 655 
I Monobromhydroquinone, 659 
' Monochloi acetic acid, 332, 460 
Monochlorhydnnes, ^ 66 d 
Monochlorhydrocaibons, 366/, 366^/, 366// 
Monochlorhydroquinone, 659 
Monochlormethyl ether, 389 
Monoformin, 624 
Monogenetic dyes, 531, 548 
Monoglycerides, 2 1 

Monohydric phenolic developers, 658 659 

Monomethylparaamidophenol, 658 

Mononitronaphthalene, 632 

Mononitrotoluenes, 423, 634 

Monoparaphenetolcarbamide, 171 

Monoses, 141 

Monostearin, 102 

Montan wax, 18 

Montanic acid, 18 

Montpelier yellow, 500 

Moon knife, 572, 588 

Mordants, 370, 548-551 , acid, 548 549 , 
basic, 550-553 , dyes used as, 549 
Mordant dyes, 531, 548*553 » 55i 553 , lakes 
of, 51 1 

Morocco leather, 582 
Morphia, statistics of, 602 
Morphine, 615 , substitutes, 610 
Morus tinctoria^ 485 
Moselles, 247 

Mother-of-vinegar, 224, 316, 317 
Motor fuels, 5, 6, 8, 279 

— petrol, 5, 6, 8, 279 
Mots, 249 
Mottled soap, 1 16 

Moulds, 219, 223, 225-226; diastase -secret- 
ing, 225, 249, 286; disease, 230; sac- 
chaiifying, 225, 249, 286 
Mountain blue, 504 

— green, 503 

Mowrah-seed oil, 42, 54, 57 
Mucic bacteria, 291 
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Mucilage, 245 

Mucor racemosus^ 226, 230 

— pin for mtSy 374 

— Rouxziy 22$ 

Mulberry silk worm, 5x7 
Multarotation of glucose, 166 
Multiple candle-moulding machines, 97 
Multiple-effect evaporation, 155-159 
Munich beer, 277 

Murex brandansy 463 
Muscarine, 476 
Mu-ks, artificial, 138 

Must, 229, 243 , composition of, 243, 246 ; 

improvement of, 168 , sugar in, 246 
Mustard oil, 54, 56, 138 

— seed, 29, 221 
M>celia, 225 

My coderma cerevtsiccy 230 

— vtniy 230, 245 

Mycodermati atetiy 245 
Myricin, 52 
Myncyl alcohol, 52 

— cerotate, 60 
Mynstic acid, 20, 74 
Mynstica offictnahsy 42 
Myristin, 20 

Myrobalans, 490, 574, 575 
Myrosinase, 221 
Myrtle wax, 42, 54, 58 


N 

Naphtha, 5, 7, 8 , American, 8 ; coal-tar (see 
Benzol)^ green, 8, mineral, 281; solvent, 
417,418,419 

Naphthalene, 209, 418, 421, 460 ; absorption 
of by coal-tar oi ls, 394 , dinitro-, 424, 634 , 
extraction from gas, 394 , manufacture 
of, 418, monomtro-,632, nitro derivatives 
of, 209, 424, 632, 634, 636 , properties of, 
421 , source of indigo, 460; subliming 
plant for, 418, uses, 421 , valuation of, I 
421 

— acetate, 209 

— green, 656 

— sulphonic acids, 432 ; bating with, 581 

Naphthanne, 480 

Naphthene scries, 4 

Naphthol, 418, 433, 559; m transparent 
candles, 98 

— black, 547 

— blue-black, 444 

— esters, 209 

— green, 547, 656 

— yellow, 479, 547 

Naphth>lamine, 427 

— black, 445, 547 

— sulphonic acids, 432, 433 

Naphthylene diamines, d)es from, 447 

— red, 447 

Narceine, 615 * 

Narcotic action, 610 


Karcotil, 603 
Narcotine, 615 

Nathan’s quick beer process, 277 
Natural colour lakes, 510 

— direct dyes for cotton, 546 

— dye stuffs, 483-486 

— essential oils, 136 

— gas, 400 
Nauclea ^ambtry 573 

Naudet hot diffusion process, 148 
Neat soap, 104 

Neat’s foot oil, 41, 54, 57, 62 ; viscosity 
of, 10 

Negro heads (rubber), 356 
Negro millet beer, 230 
Neptune green, 491 
Neraltein, 606 

Nernst’s distribution law, 533 
Nerolm, 138 
Nestle’s milk food, 84 
Neu Babelsberg, 622 
Neutral red, 473 
— - violet, 474 
New blue, 476 

— Brunswick greens, 502 

— fuchsine, 469 

— fuchsine process, 467, 469 

— methylene blue, 477 

— washer scrubber, 394 

— Zealand flax, 519 

— Zealand hemp, 516 
Newspaper inks, 493 

Nickel, catalytic, loo^/, looiJ, loor, \oody 100^, 
100^, loow, loon 
~ cainers for catalytic, loo^f 

— detection in oils, io<^ 

— in hardened fats, locw, ioo< 7 , 100/ ; 

recovery from fats, 100^ , testing for in 
fats, 100/ 

— carbonafe, reduction of, loow, loon 

— carbonyl, loo^^, loon 

— organic salts, reduction of, 100^, loom 

— oxide, 509 

— oxide, reduction of, loody 100^, 

ioo« 

Niger-seed oil, 45, 54, 56 
Night blue, 468, 470 

— blue base, 533 
Nigraniline, 480 
Nigre, 104, 106 
Nigrosmcs, 475, 548, 655 
Nile blue, 476 

Nineteen hundred blue, 476 
Niobe oil, 384 
Nitraniline, 427, 435 

Nitrate, sodium, 620 ; see Sodium nitrate 
Nitrated oils, 43 

Nitrates, bacterial production of, 225 
Nitrating acid, 207, 422, 423, 620, 625, 634 
(see Nitnc acid ) ; regeneration of, 423, 
625 

— apparatus, 625 

— cotton, 625-627 
Nitrator separator, 620, 621 
Nitrazol, 558 
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Nitric a<^d, 207, 422, 423, 620, 624, 625, 634 ; 
action on cellulose, 187 , action on starch, 
183, 184, 629 j regeneration of, 423-424 

— bacteria, 225 
Nitrides, 459 

Nitrite, amyl, 384 , ethyl, 384-385 
Nitrites, bacterial production of, 225 
Nitro-benzaldehyde, 459 
Nitro-benzene, 138, 422423, 623; reduction 
0^424, 435, 436 
Nitro-benzoic acid, 435 
Nitrocellulose, 187, 628629, 638, 639 (see 
also Collodion Gun-cotton^ Artificial 
silk) , casein mixtures of, 211 , composi- 
tion of, 628, 629, deterioration of, 641, 
642 ; gelatinised, 638*639 , properties of, 
629 , varnishes of, 49 
Nitro-cinnamic acid, indigo from, 459 
Nitro-compounds, 422-424, 435, 632-634 
Nitro-cresol, 632, 633 
Nitro-dimethylaniline, 435 
Nitro dyes, 479 

Nitrogen, bacteria, 225 , from potatoes, 182 ; 
pre^nce in coal, 393 

— compounds from molasses lesidues, 294 

— peroxide, bleaching starch with, 183 
NitrO'glycenn, 129, 620 623 , after-separation 

of, 621-622 , depression of freezing point 
383» ^^3 f destruction of, 62 1 , freez- 
ing point of, 623 , properties of, 623 , 
thawing of, 623 , unfreezable, 623-624 , 
washing, 622 

Nitro-hydrocellulose, viscosity of, 624 
Nitro-naphthalenes, 209, 424, 632, 634, 636 
Nitro-phenols, 423, 632 634 
N itro-phenyllactomethylketone, 459 
Nitrosaniine, 442 
—* red, 558 

Nitroso compounds, 385 
Nitrosococcus, 225 
Nitrosomonas, 225 
Nitrosophenol dyes, 479 
N itro-starch, 629 
Nitio-toluene sulphonic acid, 432 
Nitro-tiduenes, 423, 435, 436, 632-634 
Nitro-xylenes, 634 
Non-drying oils, 40, 54, 57, 65 
Non- Explosive Gas Go, 405 
Non-inflammable fabrics, 526, 527 

— wood, 191 

Non-poisonous white lead, 500 
Non-decylic acid, 20 
Non-dccylin, 20 
Noils, 517 

Nordhausen sulphuric acid, 62$ 

Norsk Hydenngs Co., loom 
Novocainc, 604 
Nuclein, 67 
Nurmbcrger beer, 277 

Nut oil, 22, 23, 24, 43, 61, 62, 63, 65 ; see 
Arachis oil 
Nutmeg butter, 42 
Nutrose, 80 

Nuts, ff rape, 1 79 \ ground, 30 ; marking, 492 ; 
oil 32 
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Oak apple galls, 490 

— bark, 490, 574 , 577 

— wood, distillation of, 325 
Oat malt, 286 

— starch, 178 
Ochre, 501 

Octodecyl alcohol, 52 
Octonitro-cellulose, 628 
Offal, 179, 575 
Otdium vini^ 245 
Oil (see also Otis) — 

Almond, 43, 54, 57, 61, 62 
Aniseseed, 138 
Anthracene, 417, 418, 419 
Apple, 384 

Arachis, 43, 54, 57, 61, 62, 63, 65, 85, 109 no 

Ben, 54, 57 

Bergamot, 135 

Birch tar, 329 

Bitter almond, 137, 429 

Black mustard, 44 

Blown, 43 

Bone, 420, 428 

Bottlenose, 53, 54, 59 

Brazil nut, 65 

Camphor, 135 

Candle-nut, 45, 56 

Caraway, 137 

Caibohc, 417, 418 

Carburetting, 9 

Cassia, 137 

Castor, 43, 54, 57, 6r, 62, 63, 65, 107, 109 
1 10, 210, 549, 636 , soluble, 43 
Chinese wood, 45 , see Tung oil 
Cinnamon, 133 
Citronella, 135 
Citius, 132 
Clove, 135 

Cocoanut, 22, 23, 24, 35, 42, 54, 58, 61, 62, 
63, 64, 65, 85, 86, 87, 107 
Cod-liver, 19, 26, 41, 54, 58, 61, 62, 63, 65 
Cognac, 226, 251 
Colza, 44, 6r, 410 

Corn (see Maxze\ 44, 54, 56, 61, 63, 87, 
109-110, 178 

Cotton-seed, 22, 23, 24, 34, 44, 54, 56, 6j, 
62, 63, 65, 85, 109-110, 549 
Creosote, 417, 418 
Croton, 43, 54, 57, 61, 63, 64 
Dill, 137 
Doegling, 53 
Dolphin, 54, 59 , ^5 

— jaw, 64, 65 

Earth-nut (arachis), 43, 54, 57, 61, 62, 63, 
6S» 85, 109-110 
Eucalyptus, 135 

Fish, 22, 23, 24, 26, 36, 40, 41, 54, 55, 64, 
65, looOf loqfi 

Fusel, 300, 301, 307, 308, 313, 314, 366^^, 
366 z, 366^ 

Grape seed, 43, 54, 57> 242, 251 

— hardened, loo^i ct scq, \ see also 
Hardened fats 
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Oils — continued 

Hempseed, 45, 54, 56, 62, 63, 6$ 

Hop, 254, 265 
Horse-foot, 41 
Illuminating, 5, 6, 9 
Jasmin, 138 
Kante, 42 
Lard, 26, 40, 54, 57 
Lemon-grass, 135, 137 
Linalol, 136 

Linseed, 22, 23, 24, 36, 37, 38, 45, 49 50, 
54, 56, 61, 62, 63, 64, 65, 109, no, 349 
Maize (corn), 44, 54, 56, 61, 63, 87, 109, 
no, 178 
Margosa, 41 

Menhaden, 26, 54, 58, 63, 65 
Mineral~see Mineral oils 

— seal, 398 

Mohrah-seed, 4a, 54, 57 
Mowrah-seed, 42, 54, 57 
Mustard, 54, 56, 138 
Neat’s foot, 41, 54, 57, 62, 6$ 

Nigcr-seed, 45, 54, 56 
Niobe, 384 
Oil gas, 39S 

Oleo, 22, 23, 24, 25 i 40 » 85, 86 
Oleo-margarine— -see Oleo 
Olive, 22, 23, 42, 54 - 57 , 61, 62, 64, 65, 109- 
1 10 

— kernel, 43, 54, 57 

Palm, 22, 23, 42, 54 , 57 , 61, 62, 63, 64, 109- 
110 

Palm-kernel, 42, 54, 58, 63, 64, 109-110 
Palm-nut, 42, 62 
Palmrosa cition, 136 

Pea-nut, 43, 54, 57 , 61, 62, 63, 65, 85, 109, 
no 

Pcach-kemel, 43 
Pear, 383 

Peppermint, 135, 137 
Plum-kernel, 43 

Poppy-seed, 45, 54, 56, 62, 63, 64, 65 

Porpoise, 54, 59, 63, 64, 65 

Pumpkin-seed, 44, 54, 56 

Rape, 22, 23, 44, 54, 5 ^^i ^2, 63, 64, 65, loob 

Red, 94, 103, 109-110, 114, 115 

Resin, 339 

Rose, 135 , artificial, 136 

Rosin, 339 

Russian solar, 398 

Sandalwood, 137 

Sardine, 54, 58, 62, 63, 65 

Sassafras, 135, 138 

Scotch shale, 398 

Seal, 26, 54, 59, 63, 65 

Sesame, 44, 54, 56, 61, 64, 65, 85 

Shark-liver, 63, 65 

Sheep^s foot, 41 

Sod, 41, 589 

Soja bean, 44 

Soluble, 549 

Spearmint, 137 

Sperm, 52-53, 54, 59 » 62, 63, 65 
Spirit, 60 

Sunflower seed, 44, 54, 63, 109-110 
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Oils — continued 
Sulphated, 549 
Sweet, 44 

Tallow, 40, 54, 58, 65 
Tung, 45, 49 , 50, 61, 62, 63, 65 
Turkey-red, 545, 549 
Turpentine, 22, 135, 337, 359, 366^/ 

Walnut, 45, 54 , 5 ^, ^ 3 , ^5 

Whale, 26, 54, 59, 61, 62, 63, 65, ioo<^, loo^ 

White mustard, 44 

Wood, 45, 49 , 50, 61, 62, 63, 65 ; see Tung 
oil 

Oil cake, 22, 23, 24, 30, 33 , ^^2; see Press 
cake 

— cloth, 49-52 

— dag, 12 

extraction, 26, 30, 33 

Oil filters, 33-34 

— fuel, 1 1 

— gas, 398-400 , isoprene from, 366^ 

— mills, 28 

— rubber, 364 

seed cake, 22, 23, 24, 30, 33 

— stone, 614 

— tannage, 589 

Oiled fabrics, 527 , see also Oil clothe 
Linoleum 

Oils, American, 10 , animal, 19 et seq , 22, 23, 
24 ctseq , 33-39, 40 4L 54 59 » anthracene, 
417, 418-419 , acetyl values of, 55 , acid 
values of, 54, 62 , ash of, 12 , auto-ignition 
of, 8 , bleaching, 33-39 , blown, 43 , Cali- 
fornian, 9 , calorific power, 10 , carbolic, 
417-418, carburetting 9, cold solvent 
extraction of, 31 , creosote, 4 175 4*8 > de- 
colourisation of, 38 , demargmation of, 
38, dementholised, 135 , differentiation 
between animal and vegetable, 66 , dry- 
ing, 54 » 5b, 63, 65 , edible, 35, 38 , 
essential, 3, 132-135 , artificial, 135, 136- 
138 , evaporation test, 12 , extraction, by 
pressure, 26, by solvents, 30-32 , fatty, 
3, 20, 61-66 (see Animal oils^ Vegetable 
oilSy Fatty oils ) , fatty acids of, 55*59 > 
filtering, 34, 39 , fish, 26, 36, 40, 41, 54, 

58, 63, 64, 65 , fusel, 226, 293, 298, 300, 
314, Galician, 13 , green, 60, gumming 
tendency of, 12 , hardening of, locvr, 100^, 
heavy tar, 329, 417, 4*8 , Hehncr values 
for, 54,64 , hydrogenation of, looz, 100^ ; 
hydrolysis of, 23 (see SapomficatioHs 
Soaps), illuminating, 5,6,9, lodinevalues 
of, 55, 63 , light petroleum, 7, 8 , light tar, 

329.417, lubricating, 5, 7, 10,11, 12,35,38, 
53 , meltingpoints of, 56-59,62 , middletar, 

417. 418 , mineral, 3, 4 12, 63, 65 , mixed, 
II , moisture removal from, 35 , nature 
of, 3 , nitrated, 43 ; non-drying, 40, 42-43, 
54, 57, 63, 65 , Pennsylvanian, 10 , refin- 
ing of, 33 39, 85 ; refractive indices of, 
56-59, 62, Reichert-Meissl values, 55, 
64 ; resin, 202 ; Russian, 9, to ; sapom- 
fication values, 54, 62 ; scmi-drying, 43- 
44, 54, 5b, 63, 65 ; solidifying points, 56- 

59, 62 , soluble, 190 ; soluble castor, 43 ; 
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spe«ific gravities of, 56-59, 61 , statistics, | 
13, 14 , sulphonated, 43 , table of con- | 
stants ofi 54-59 , tanking, 34 , tests, 12 , i 
Turkey-red, 43 , varieties of fatty, 34-60 , 
vegetable, 19 et seq , 22, 23, 26, 33-39 , 
viscosity of, 9 , water removal from, 12 , 
water soluble, 12 , wine, 226 
Ointments, lanolin, 60 
Old Brunswick green, 504 
Oleate, soaps, no 
Oleates, no 

Olefines, estimation in gases, 408 
Oleic acid, 21, 60, 74, 90,92, 100^, 103 j action 
of sulphuric acid on, 91, 98 , ammonium 
salts of, 93 , candle material from, 98-100 , 
distillation of, 94 , esters of, 99 , hydro- 
genation of, lood*, 100^, iodine values 
of, 40, 63 , manufactures ofj 94, 95 , melt- 
ing point of, 95 , palmitic acid from, 
99 , separation from stearic acid, 93 , 
soaps from, 109-110, stearic acid pro- 
duction from, 99 
Oleic sepes, fatty acids of, 21 
Olein, 21 

Oleo-margarine — see Oleo oil 
Oleo oil, 22, 23, 24, 25, 40, 63, 85, 86, 88 , 
manufacture of, 25, properties of, 40, 
statistics of, 22, 23, 24 
Oleo palmito-stearin, 3 
Oleo-steann, 22, 23, 24, 25 
Olivanthrene, 556 

Olive oil, 42, 54, 57, 61, 62 , adulteration of, 
64, 65 , statistics of, 22, 23 , foots, 117 

— oil soap, 109-110, 114, 115 

— kernel oil, 43, 54, 57 
Omnicolore colour plate, 653 
Open soap, 103 

Opium alkaloids, 615 ; statistics of, 602 
Orange (dye), 442 

— chrome, 500 

— lac, 348 

— peel essential oils, 132 
Oranges, sweet oil of, 385 
Orcellin, 547 
Orchella, 484 

Orcin, 484 

Oncello, 484 

Oriol yellow, 443 

Organic acids, inversion by, 142 

— compounds, decomposition by bacteria, 

223 

Orlean, 87, 485 

Orleans process for vinegar, 317 

Oropon, 580 

Orpiment, 508 

Orseille, 484 

Orseillin, 547 

Orthochrom, 655 

Orthochromatic plates, 654, 655 

Orthodmitrotoluene, 623 

Orthodiphenylenediamme, 426 

Orthonitrotoluene, 423 

Orthoxylene, 421 

Ortol, 658 

Oryza sativa^ 178 
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Osmium lamps, 407 
Osmosis, 163, 164 

Osram lamp, illuminating efficiency of, 408 

Oswald viscometer, 359 

Otto of roses, 133, 135, 136 

Overproof spint, 312 

Overchroming wool, 550 

Ovos, 275 

Oxalates, 370 , calcium, 369 ; potassium, 
370 , sodium, 369 , titanium, 583 
Oxalic acid, 342, 3^ 370 ; manufacture from 
formates, 369-370 , manufacture from 
wood, 369 , statistics, 370 , use in dyeing, 
550 , uses of, 370 
Oxamine (dye), 545 

— red, 446 

— violet, 448 
Oxazine dyes, 476 

— ring, 476 
Oxidases, 221 

Oxides, metallic — see under the individual 
metals 

Oxidised linseed oil, 49-50 

— oils, 43 

Oxidising enzymes, 227 

— soaps, 115 
Oxonite, 645 

Oxy-acetylene blowpipe, 403-404 

— welding, 403-404 
Oxycellulose, 187, 188, 197, 624 
Oxydase, 221, 227 
Oxydation, electrolytic, 434-436 
Oxydimethylaniline, 427 
Oxygen, estimation in gases, 408 
Oxyketone dyes, 480 
Oxyphenine, 545 
Oxyphenylglycocoll, 658 

Oxysteanc acid, 90, 92 , melting point of, 95 
Ozokerite, 17 

Ozone, 183, 380 , action on rubber, 358, 366^1, 
, bleaching oils by, 36 , polymerisa- 
tion of isoprene by, 366^, ozone soaps, 

Ozonides, rubber, 358, 366<z 


P 

Packing papers, 195 
Padding machines, 537, 582 
Paget colour plate, 654 
Painters* colours, statistics, 509 
Paints, 497-512 , black, 94 , casein, 80, 512 , 
literature, 497 , \ehicles for, 189 , water, 

511 

Palatine red, 442 
Pale ale, 277 

Palladium catalytic, lood 

— chloride, 396 

— toning baths, 660 

Palm oil, 42, 54, 57> 61, 62, 63, 64 ; bleaching, 
35) 36; deodorising, 36; statistics, 22, 

23 

— oil soap, 109, 1x0, 115 
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Palm kernel oil, 42, 54, 58, 63, 64 , soap from, 
109-110 

— kernels, pressing for oil, 30 

— nut oil, ^ 62 

— sugar, 141, 169 

— wine, 249 

Palmitate, cetyl, 53; myricyl, $3, potassium, 

52 

Palmitic acid, 20, 74, 89, 94, 95 , candles of, 
99 , distillation of, 94 , melting point of, 
95 , production from oleic acid, 99 
Palmitin, 20 
Palmrosa citron oil, 136 
Pampe’s low-pressure still, 310 
Panchromatic plates, 654 
Pancreas, 220, 221 
Papain, 221 
Papaverine, 612, 615 
Papaw tree, 221 

Paper, 187, 198204, action of zinc chloride 
on, 202 , ash of, 203 , bleaching, 199 ; 
blotting, 199 , colouring, 201 , develop- 
ing, 661 , grease-proof, 202 , imitation 
parchment, 202 , kraft, 195 , literature 
of, 198 , low - grade writing, 200 , 
machines for, 201 ; manufacture of, 198- 
204 , materials for, 188, 198, 202, 203, 
204 ; mechanical wood in, 192, 202, 203, 
news, 200 , packing, 195 , parchment , 
202 , photographic, 661 , printing, 200- 
202 , pulp, 198 (see Wo^ P^^P ) » sizing, 
53 , I03, 199, 200, statistics, 188, 203, 
204 , strength of, 201 , sulphite cellulose 
waste from, 294 , testing, 203 , tests for 
mechanical wood in, 192 , waterproof, 
94, 202 , wood pulp for, 192 ; writing, 
202 

Papier-machd, 202 

Para rubber, 353, 365 , modifications of, 
358 , statistics, 365 , see also Rubber 
Para-amidodiphenylamine, 559 
Para-amidophcnol, 658 
Paracasein, 69, 75, 76 
Parachutes, for yeast, 274 
Paracresol, 328 

Paraffin wax, 5, 7, 15, 17, 62, 89, 98 , 
presence in candle material, 97 , 
presence in ceresine, 17 ; presence in 
fatty oils, 65 ; production from oil 
shales, 16 ; production from petroleum, 
15 , properties of, 16; statistics of, 14, 
18 , waterproofing with, 526, 527 
Paraffins, 4 

Paraformaldehyde, 375 ; presence in soap, 
117 

Parafuchsine, 469 
Paraldehyde, 376 
Paraleucaniline, 467 
Paramagenta, 469 
Paranitraniline, 427, 559 

— red, 442, 450 
Paranitrobenzoic acid, 435 
Paranitrotoluene, 423, 435 
Paraoxybenzaldehyde, 137 
Paraphenylene diamine, 426, 557 
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Pararosaniline, 467, 469 
Parasitic disease drugs, 613-614 
Paraxylene, 421 
Parchment, 589 

— paper, 202 , imitation, 202 
Pans, gas lighting of, 389 
Pans green, 503 

— white, 507 

Paste, shoemakers’, 180, starch, 183, 184 

— blue (dye), 502 
Pasteboard, 202 
Pasteur flask, 230, 231 

Pasteurisation, of alcohol, 304, 305 , of 
beer, 275 , of wine, 245 
Patent blue, 468, 656 

— white lead, 500 

— yellow, 500 
Patents, 179 

Pathogenic bacteria, 224 

Pauly silk, 212, 213, 214 , tests for, 216 

Paving pitch, 419 

Pavy's sugar estimation method, 169 
Pea-nut oil— see Aracbn otl^ Earth-nut 
otl 

— oil soap, 109, 1 10 
Peach essence, 385 

— kernel oil, 43 
Pear essence, 385 

— oil, 383 

— wine, 249, 250 
Pearl ash, 107 

— hardening, 200 

— sago, 182// 

Peat distillation, 390 
-- moss, 163 
Pebble copals, 345, 348 
Pectase, 221 
Pectin, 243 

Pediococcus actdi lactici, 245 
Pelouzes’ tar extractor, 393 
Pencil for glass, 493 
Penictlhum glaucum^ 225 
Pennsylvanian oils, 5, 7, 9, 10 
Pentabrom ndigoes, 462, 463 
Pentadecanaphthene, 5 
Pentadecatoic and, 20 
Pentadecatoin, 20 

Pentane, 4, 417 , chlorination of, 366 ; 
isoprene from, 366^/ 

— lamp, 410 

Pentose sugars, 141, 354, 358 
Peppermint oils, 135, 137 
Peptase, 259 

Peptones, 77 . 221, 255, 259, 273, 508 
Peracid soaps, 115, 119 
Perborate soaps, 115, 119 
Perborates, 66> 

Percarbonate soaps, 1 1 5 

Percarbonates, 600 

Perchlorate explosives, 636 

Perchlorates, 660 

Percussion caps, 637-638 

Perfumes i32-n8; statistics, 135, 136; 

synthetic, 136-138 
Pcrgament, 589 
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Penkol, ^55 
Ferlagonic acid, 20 
Permanent white, 506 

— yeast, 222 

Permanganates, 38, 183, 660 
Permitted explosives, 648, 649 
Permonite, 636 
Pernigranilines, 480 
Peroxide, bleaching wool with, 523, 524 

— soaps, 1 15 
Perry *'249, 250 

Persian berries, 483, 485, 552 
Persulphate, ammonium, 182,660, potassium, 
660 , soaps, 115, 1 19 
Pertite, 632 
Peru rubber, 365 
Peruvian bark, 602 
Petiot’s wine improving methods, 246 
P^trofracteur, 645 

Petrol, 5 (see also Motor spirit^ Petroleum 
ether ^ petroleum) , for air gas, 405 

Petrolastite, 620 

Petroleum 4-1 1 , American, 5, 7, analysis 
of, 9, Burmese, 7 , butadiene from, 
366^: , Canadian 7 ; Caucasian, 366^: , 
chlorination of, 366^, 366^/ , composition 
of, 4, 7 , distillation of, 5, 6, 7, 10, ii, 15 , 
flash-point of, 9 ; isoprene from, 366^ , 
light, 6, 7, 8, 30, 31, 354, 405 > mining 
operations, 4 , nitrogen in, 5 , non- 
lummous flames from, 407 , oxidised, 5 , 
Pennsylvanian, 5, 7 , purification of, 5, 
7, 8, 9 , refining, 5, 6, 7, 8, 9 , Russian, 
4, 5, 7 , specific gravity of, 9 , stills, 1 1 , 
sulphur in, 5 

-- ether, 7, 8, 338, 359, 405 , as solvent, 
30, 31 , for air gas production, 405 

— lamps illuminating efficiency of, 408 

— naphtha, 6, 7, 119 

— spirit, 7, 8, 338, 359, 405 
Phenacetine, 606, 616 
Phenamine, 545 
Phenanthrene, 419, 421 
Phenetidine, 606 , hydrochloride, 171 
Phenix Societate Anomina, ioo;i 
Phenocoll, 606 

Phenocyanine, 476, 553 
Phenol, 228, 422, 439, 559, action of 
formaldehyde on, 211 butadiene from, 
366r , esters of, 137-138,209, estimation 
of, 121, 422, manufacture of, 418, 
properties of, 422 

— sulphonic acid, 633 
Phenolic developers, 658-659 

— esters, 137-138, 209 
Phenolphthalem, 470 

Phenols, 210, 422, 433 , perfuming, 137-138 ; 

separation of, 136 
Phenosafranine, 475 > ^ 5 ^ 
Phenylacetaldehyde, 137 
Phenylacetic acid, 1 36 
Phenylene, dyes from, 447 
Phenylenediamines, 426, 557 
Phenylethyl alcohol, 136 
Phenylglycine, 459 
SO 


Phenylglycine-^7-carboxylic acid, 459, 460 
Phenylhydrazine, 265, 366^2, 428, 606 

— sulphonic acid, 433 
Phenylisoprene, 366^ 

Phenylmethylketone, 434 
Phlegms, 306 
Phloroglucin, 192 
Phloxin, 471, 548 
Phoenix powder, 645 
Phonograph cylinder wax, 60 
Phormtum tenax^ 5 1 6 
Phosacetates, 209, 210 
Phosgene, 468 

Phosphate, ammonium, 527 , bi-, 234 , calcium, 
594 , glyceryl, 130 

Phosphates (see also Phosphoric acid) , 
accelerating effect on fermentation, 241 , 
compounds with sugars, 222 , presence 
of in milk, 70 , presence of in yeast, 
227 , rare metals, 406 
Phosphide, calcium, 400 
Phosphine (dye), 479, 548 

— gas, removal from acetylene, 400 
Phosphoric acid, glvceryl ester of, 130, 

phenol estei of, 209 , presence of in 
grape juice, 243 

Phosphorus, assimilation of, 130 , presence 
of in calcium, 69 
Photochlonde, 661 
Photographic chemicals, 653-661 

— films, 189 

— papers, 661 

— plates, 653-654 

Photometers, flicker, 409 , Lummer-Biodhun, 
409 , portable, 410 411 
Photometric oil, 383, 410 

— standard lights, 409 
Photoinetiy, 408-411 
Phthalems, 439, 472, 655 
Phthalic acid, 430, 460 

— anhydride, 430, 460 
Phthahmide, 430, 460 
Phytosterol, 52, 66, loop 

— acetate, 66 
Piacaba, 394 
Pickle change, 103 
Pickling leather, 582 
Picrates, 632-634 

Picric acid, 418, 423, 479, 632633, 635; 
manufacture of, 632-633 , properties of, 
633 , substitutes for, 633-634 , tests, 

643 

Piece-dyeing, 535-537 
Pigeon dung, 577 
Pigment papers, 66 1 

Pigments, 497 - 5 ^ 9 . aluminium, 504-505 , 
antimony, 508 , arsenic, 503, 508 , barium, 
506-507 , cadmium, 508 , calcium, 507 , 
carbon, 505 , chromium, 508 ; classifica- 
tion of, 497 , cobalt, 500-503 , copper, 
503-504 , iron, 500-503 > *ead, 497 - 5 oo ; 
literature of, 497 , magnesium, 507 ; 
manganese, 508 , mercury, 508 , statistics 
of, 509 ; strontium, 507 ; zinc, 507-508 
Pile fabric dye vat, 534 
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Pilocarpine, 613 
Pilsener beer, 277 

Pirn’s chlorinating apparatus, 366^, 366^ 
Pinachrom, 655 

Pinacone,435 ; dimcthylbutadiene from, 366/ 
Pmacyanol, 654, 655 
Pinakol P, 659 

— salt N, 660 
Pmaverol, 655 

Pine tar, 325, 328, 329 

— wood, distillation of, 325, 326 

Pinene, 137, 337, 341 , conversion into cam- 
phor, 340-342 

— hydrochlonde, 340, 341 
Pintsch oil gas, 398-400 
Ptnus palustrts^ 337 

— sylvestrtsy 337 

— tada, L , 337 
Piperon^il, 137 
Piping, rubber, 362 
Pistaaa lentiscus^ 574 
Pit hook 572 

Pitch, 16, 60 , 419 , candle, 94 ; cellulose, 195 ; 
hard, 419 , mineral, 18 , soft, 419, 420, | 
testing, 419-420 ; wood, 329, 330 | 

Pitching, 292 

— yeast, 233 
Piuri, 486 

Plant juices, enzymes in, 220 
Plantation rubber, statistics, 365 
Plants, essential oils of, 132 
Plasmon, 80 
Plastammone, 636 
Plaster, English, 595 

— of Pans, dehydration by, 35 
Plastering wine, 245, 251, 371 
Plastic masses, 79 
Plastrotyl, 634 

Plate columns, 302 

— presses, 27 

Plates, photographic, 6^4 
Platinum, catalytic, 100^, colloidal, saponifi- 
cation by, 23 

— developing papers, 661 

— direct printing paper, 661 

— standard, Violle’s, 410 

— toning baths, 660 
Plischke system, 263 
Plodder, soap, 1 1 i-ii2 
Plum kernel oil, 43 

— spirits, 283 
Plumula, 179 
Plumule, 255 
Plutoblack, 655 

Pneum itic malting, 262, 263 

— transport of grain, 263, 267 

— Tyres Syndicate, 364 
Poachers, 199, 627, 628 
Poisoning by gas, 408 
Poisons, bacterial, 224 
Polariscope degrees, conversion of, 170 

— estimation of sugar, 170 
Polishes, 18 ; boot and leather, 19 
Polishing oil, 8 

— pastes, 60 
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Polychlorals, 379-380 
Polychrome B, 451 
Polygenetic dyes, 548 
Polyglycerine, 623 
Polygomum Unctonum^ 458 
Polymerised glycerin, 623 

— glycerin nitrate, 623 
Pomatums, lanolin, 60 
Pombe, 230 
Ponceau, 442, 445 

— crystal, 442 

— scarlet, 491 
Pons papillaris, 567 
Pope’s oil gas system, 399 
Poppy seed, 29 

— seed oil, 45, 54, 56, 62, 63, 64 65 ; adultera 

tion of, 64 

Pornitz dyeing machines, 540 
Porpoise oil, 54, 59, 63, 64, 65 
Port wine, 246, 248 

Porter, English, 229 , colouring for, 168 
Postum Cereal Co, 179 
Potash, 107, 242, 243, 294 

— soap, 1 14, 115, 1 17 

Potassium bichromate, 507 ; action on gela- 
tine, 527 ; bleaching oil with, 35, 36 ; use 
as mordant, 550 

— bitartrate, 246 

— bromide, 653 

— carbonate, 107 

— chlorate, 637 

— dichromate ; see Potassium bichromate 

— ferrocyanide, 502, 525 

— glyceryl phosphate, 130 

— hydroxide, 408 

— iodide, 380 

— methyl sulphate, 330 

— nitrate, 95 

— oxalate, 370 

— permanganate, 38, 183 

— persulphate, 6^ 

— phosphate, 227 

— soaps, 1 17 

— sulphate, 266 

-- tartrate, 246, 373 

Potato alcohol, 1 81, 280 284, 292 

— balance^ 180 

— distillenes, 285, 292 

— flour, 176, 182 

— mash, 287-289, 292 

— starch 176, 178, 181-182, 183; statistics, 

176 ; syrups from, 167 

— starch factones, 176, 181 

Potatoes, amniotic water of, 287 , breathing 
of, 18 1 ; composition of, 178, 284 , dried 
powdered, 284 ; improvement ofi 18 1 ; 
loss of weight on storing, 181 , specific 
gravity and starch content of, 18 1 ; 
starch content of, 178, 18 1 ; sweetening 
of, 18 1 ; synthetic rubber from. 366^ 
Potcher— see Poacher^ 199, 627,^628 
Powder, ammonium nitrate, 644 ; composi- 
tion of, 644 ; baking, 234 ; Brug^rc, 045 ; 
Designolle torpedo, 645 ; deterioration 
of, 641-642; jE.C., 646; face, 183; 



INDEX TO SUBJECTS 


Favftrsham, 645 ; giant^ 644 ; gun, 619- 
620 ; Hercules, 644 ; milk, 81 ; Phoenix, 
645; smokeless, 333, 638*642, 646; 
soap, 112, 115, 117; stability of, 64!- 
642, 643 , Vulcan, 644 ; Walsrode, 646 ; 
washing, 115, withered, 645, pre- 
servation for butter, 75 
Press cake— see Otl cake^ 22, 23, 24, 30, 33, 
182 

— rolls, 201 

— wines, 243 

Presses, Anglo-American, 27, 29 , cage, 27, 
30 , castor seed, 29, 30 , clodding, 27, 
30, cylinder, 30, filter, 33, 34, 15 1 , 
plate, 27 , soap, 105, in, 112, wine, 

243 t 

Pressure, effect on hydrogenation, 100^, loor 

Pressure diffusion processes, 147*149 

Prima starch, 180 

Primary fermentation, 266 

Primers, 628, 634, 637*638 

Priming compositions, 620, 632, 633 

Primuline, 478, 532, 545 

— dyes, 544 
-* yellow, 429 
Printer’s soap, 115 
Printing calico, 5^ 

— machines, 559-561 

— inks, 493 

— out papers, 661 

— papers, 202 

Procter Gamble Co , loof 
Proof spirit, 312 
Propionic acid, 20, 330, 331 
Propionin, 20 
Proponal, 610 

Propyl alcohol, 251, 298, 314 
Protein, cereal, 284 , cheese, 77 , potato, 
284 , Riithausen’s method of estimation, 
77 , starch, 178, 179 180 

— soap, 1 16 
Proteolytic bacteria, 225 

— enzymes, 220, 221, 227, 255 
Proto-catcchualdehyde, 135 
Proto-catechuic acid, 487 
Prune, 476 

Prussian blue, 370, 493, 502, 511, 559; ink, 

491 

Prussic acid— see Hydrocyanic aetd^ 393, 
394, 395 

Pseudocumene nitrodenvatives, 634 
Psyllostearyl alcohol, 52 
Ptomaines, 224 
Puer, 580 

— substitutes, 225, 580 
Puering process, 577, 580-581 
Pulled wool, 517 

Pulp, bleaching, 195, 196, 199 ; paper, 198 , 
wood, 191, 198, 203-204 
Pulping gun-cotton, 627, 628 ; paper-making 
materials, 15)8 ; wood, 192-196 
Pumpkin-seed oil, 44, 54, 56 
Pumps, barometric water, 156, 157 
Puratylene, 400 
Purex, 500 


Purifiers, 395 
Purine alkaloids, 616 
Purple Tyrian, 420, 463, 485 

— dyeing, 551 
Purpunn, 452 
Purpurine dyes, 545 
Purrea arabtea^ 486 
Purree, 486 
Purub, 354 
Putrefaction, 223 
Putrefying flesh, poisons of, 224 
Putty, 507 

Pyramidone, 607 
Pyramine (dye), 545 
Pyranthrone, 455-456 
Pyrazolone, 606 

— drugs, 606-607 

— dyes, 450 
Pyrene, 419 
Pyridine, 392, 420, 428 

— bases, 420 
Pyrites, iron, 194 
Pyrocatechm, 330 
Pyrocatcchol, 659 
Pyrogallate, alkaline, 408 
Pyrogallic esters, 328 

Pyrogallol, 433 ; developers, 659 ; tannins, 

^ 573 

Pyrogene, 546 

Pyroligneous liquors, 328, 330 
Pyrolusite, 508 
Pyrometol developers, 659 
Pyrone dyes, 470-472 

— ring, 470 
Pyronines, 471-472 
Pyropotash developer, 659 
Pyrosoda developer, 659 
Pyroxylin, 208 


Q 

Quadruple effect evaporators, 155- 158 

Quebracho, 574 

Quercitin, 485 

Quercitrin, 485 

Quercitron, 485, 552 

Quercus cpgtiops^ 574 

— cems, 574 

— tinctona^ 485 

Quick smoking process, 329 
Quicklime, 571 
Quinaldine, 376, 428 

Quinaldinquinolinethylcyanin iodide, 655 
Quinidine, 615 
Quinine, ^2, 615 
Quinizarin, 452 

— greens, 453 
Quinoline, 393, 420, 428 

— dyes, 479, ^55*656 

— red, 479 

— yellow, 376, 480 
Quinone, 435 
Quinoncoxime dyes, 479 

Quintuple -effect evaporation, 155, 157, 158 
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R 

Rack-a-Rock, 645 
Racking beer, 274-275 
Radicle, 255, 256 
Raffinase, 227 
Raffinose, 141 
Rags, 203, 204 

Rail piercing by acetylene flame, 404 
Railway illuminating gas, 399 

— sleepers, 190 
Raisins, 242 
Ramie, 187, 406, 516 
Rancid fats. 21, 62 
Rancidity of soaps, 1 10 

Rape oil, 44, 54, 56, 62, 63, 64, 65 ; hydro- 
genation of, io(^ , statistics of, 22, 23 , 
viscosity of, 10 

— seed cake, 22, 23 

— seed oil — see Rape oil 
Rapic acid, 44 

Rapid ager, 544 

— filter red, 656 
filter yellow, 656 

Rasch’s neutral process, 372 
Raw gram converters, 271, 287-289 

— silk, 518 
Recinoleic acid, 21 

— series, 21 
Recmolein, 21 

Rectification, 300-301 , see also Disttllahon 
Rectified spirit, 300 
Rectifiers, 297 

Rectifying columns, 297, 298, 299, 300, 302- 

303, 304 

Red dyes, natural, 484-485 

— lead, 499 , driers, 46, 47 

— - oil, 94, 103, 109 , soap, 109-1 10, 1 14, 1 15 

— oxide, 501 

— Venetian, 49 

Reducers, photographic, 660 661 
Reducin, 659 
Reducing apparatus, 424 

— enzymes, 227 
Reduction, 424, 434-436 
Redwood, 484 
Refiners’ blue verditer, 504 
Refining oils, 32-39 

— sugar, 164-166 
Reflux, 306 

Refractometers, 62, 74 

Refrigerating plant for oils, 39 

Refrigerators, wort, 271, 272, 273 

Regulation, 305, 309 

Regulators for stills, 299 

Reichert-Mcissl values, 55, 64, 65, 75, 78, 87 

Rendrock, 644 

Rennet, 69, 75, 76, 221, 227 

Resin — see Rostn 

— oils, 12, 202, 339 

Resins, 347*350, action towards solvents, 
350; artificial, 21 1, 349; constants of, 
350 ; definition of, 345 , hop, 254, 265 , 
identification of, 349-350 ; industrial, 
345-350 > literature of, 345 j melting 
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points of, 349, 350 , nitrated, 6^6 ; pro- 
perties of, 349 , removal from gutta 
percha, 364 , solubility, 349, 350 , specific 
gravities, 349, 350 , statistics, 346 , wood, 
326, 327 
Resoflavin, 553 
Resorcin — see Resorcinol 

— brown, 444 

Resorcinol, 433, 559, 659 (Resorcin) 

Rete malpighi, 567 

Retorts, acetone, 332 , deterioration of, 391 , 
gas, 390-392 , horizontal, 324, 390-392 ; 
inclined, 391 , oil gas, 398-399 , vertical, 
326, 391 , wood distillation, 324-327 
Retrogiadation, 306 
Retting of flax, 516 
Rexite, 645 
Rhamnetin, 485 
Rhenama Chem Fab , 331 
Rhenish dynamite, 644 
Rhodamines, 471 472, 548, 656 
Rhodine, 472 
Rhoduline, 474 
Rhigolene, 7 
Rhubaib wine, 249 
Rhus, 49 

Rhus conana^ 574 

— radicans^ 492 

— toxicodendron^ 492 

— venenata^ 492 

— vernicifera^ 49 

Rice, brewing, 252, 253, 254; composition 
of, 178, equivalency of to barley, 273, 
statistics, 252-253 

— beer, 225 

— starch, 176, 178 
Rictnus communis^ 43 
Riegel’s milk albumen, 80 
Riems, 589 

Rinds, essential oils of, 1 32-1 33 
Rinmann’s green, 503 
Ripening of cheese, 76, 77 

— of milk, 86 
Roan, 580 
Roburite, 635, 645 
Roccella, 484 
Rochelle salt, 169, 615 
Rock dammar, 348 
Rodinal, 658 

Rose-Herzfeld fusel oil estimation, 313 
Roller coverings, 364 
Rolling machine (leather), 578 
Rolls, calender, 201, 362 , cane crushing, 
153, couch, 201, dandy, 201, press, 
201 , rubber calendering, 362, 363 , 
rubber mixing, 362 , rubber washing, 
362 , seed crushing, 28 , smoothing, 
201 

Ropiness of wine, 245 

Rosaniline, 439, 469 ; dyeing with, 531, 
532 

— dyes, 467, ^69-470, 653 

— hydrochloride, 531 
Rose Bengal, 471, 548 

— oil, 133. "35. 136 
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Rosin, i«9, 337 - 339 , 345 , 349 , constants of, 
350, detection m size, 203, soap, 118, 

1 19 ; distillation of, 337, 338-339 , estima- 
tion in soap, 1 18, 1 19; flash-point, 9, 
literature of, 337 , presence in ceresine, 
17 , presence in linoleum 50 , presence 
in soap, 103, X09-Z10, 1 14, 1 15 1 17, 1 18, 
119 , sizing with 199 , steam extraction 
of, 338 

acids, 199, 338 , driers, 47 

— grease, 339 

— oil, 338 339 

— sizing, 199 

— soap, 199 , see also Rosined soap 

— spirit, 8, 338 
Rosinates, 117, 199 

Rosinates, 47, 190, 191 , aluminium, 199 , 
copper, 190 , driers, 47 , wood impreg- 
nation with, 190, 191 , zinc, 190 
Rosindulines, 473 

Rosined soap, 103, 109-110, 114, 115, 116, 
1173 see also Rosin soap^ 199 
Rosinic acids, 47, 199, 338 
Rot oT wood, 19 1 
Rotation, multa, 166 
Rotholz, 484 
Rouge, 501 
Rougher out, 257 
Rounding knife, 572 
Royal Gunpowder Factory, 620 
Rubber, 351-366/^ , accelerators for, 361 , 
analysis of, 365^, 528 , bromides of, 359, 
366 <z , butadiene, 366^? , calender rolls 
for, 363 , chlorides of, 359 , constitution 
of, 358, 366^ , craped 356 , devulcanisa- 
tion of, 364 , dipropylene, 366a , distilla- 
tion of, 359 , fabrics proofed with, 527 , 
forcing machinery for, 364 ; formation 
of in plants, 354 359 , grinders for, 362 , 
hard 361 identification of, 359, 366(2 , 
isomerides of, 359, 366 , isoprene, 366<z , 
literature of 353, 366 , making up of, 
363 , mixing rolls for, 362 , natural, 353- 
365, 366^7 nitrosates of, 359, 366^1 , 
nitrosites of, 359, 366a , perishing of, 
359 , production from acetylene, 366^*, 
366(i ; production from butadiene, 366/ 
366^ , properties of, 358-359 , regener- 
ated 364 , remanufacture of, 364 , resin 
separation from, 358 , sheet, 356 , sol- 
vents for, 359 , sources of, 354 ; spreading 
machine for 362 , squirting, 364 ; statis- 
tics of 365^7 substitutes for, 365 , sul- 
phur compounds of, 361 , synthetic, 359, 
366-366^, 405 (see also Synthetic fubber ) , 
tackiness of, 359 , tapping for, 354, 365 , 
testing of, 3653 , thiozonides of, 361 , 
viscosity of, vulcanisation of, 197, 

360 , washing 356 , waste, 365 
~ bromides, 359, 365(2, 366a 

— chlorides, 359 

— goods manufacture, 362 

— nitrosates and nitrosites, 359, 366a 

— plantations, statistics, 36571 

— substitutes, 365 
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Rubber sulphur compounds, 361 

— thiozonides, 361 

— vulcanisers, 360 

— waste, 365, 365(7 
Ruccu tree, 485 
Rufanthrene browns, 556 
Rufigallol, 452 

Rum, 163,283 , artificial, 382 , Jamaica, 230, 
283 , yeast for, 230 

— essences, 283, 382 , see Ethyl formate^ 

382 

— factory, 293 

Rumex hymenosepalum^ 573 
Running, 544 
Russian leather, 329 

— petroleum, 4, 5, 7, 9, 10, 398 
Oil, 9, 398 , viscosity of, lo 

— solar oil, 398 

— stills, 5 

— turpentine, 338 
Rustling of silk, 545 

Rye, chemical composition of, 284; malt 
from, 286 , starch from, 177, 178 


s 

Saaz yeast, 229 
Saccharine, 167, 17 1, 275 
Saccharometers, 274, 291 
Saccharomyces apiculaius^ 230, 244 , aqui- 
foht^ 230 , cervtstce^ 228, 229, 230 , 
elhpsoideus^ 228, 229, 230, 242, 244 , 
extquus^ 230, ihctSy 230, kefir ^ 221, 
malt^ 230 , membrancpjaciens^ 230 , 
pastonanus^ 228, 230 , pynformis^ 230 
Saccharomycetes— see Yeasts 
Saccharose, 141, 230 
Safe explosives, 635-636 
Safflower, 546 
Saffron, 75, 486 
Safranine f, 473, 475, 491 
Safranines, 473, 474’475 
Safrol, 135, 138 

Sago, 178 , artificial, 182^, pearl, 1826 

— palm, 175 

— starch, 175, 178 
Sa^u^ lavtSy 175 

Sails, waterproofing, 527 
Sakd, 225, 249 
Sal dammar, 348 

— method, 71 

Salicylate, amyl, 138, antipyrine, 607; 

methoxymethyl, 384 ; methyl, 384 
Salicylic acid, 228, 418, 430 , use as anti- 
septic, 245, 27s 
Salicylide, 378 

— chloroform, 378 
Salipynne, 607 
Saliva, enzymes in, 220 
Salolin, 100/ 

Salt, electrolysis of, 196; gravy, 168; re- 
covery from soap lyes, 124, 127 ; use in 
dyeing, 544, 545 , use in tanning, 582 
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Salt-water soap, 107, no, 1x6 , see Marine 
soap 

Saltpetre, conversion, 620 
Salts, effect on crystallisation of sugar, 142, 
143, 144, 161, 163 
Salvarsan, 614 
Sanatogen, 80 
Sand filters, 160 
Sandalwood, 484 

— oil 137 

Sandarac, 345, 349, 350 
Sandelholz, 484 
Sandoce, 17 1 
Sanitas, 338 
Sanose, & 

Santalin, 484 
Santalol, 137 
Santalwoo^ 484 

Santonin, 602, 614 
Santoninic acid, 614 
Sapo verdigris, 1 10 

Saponification, 22, 89, 93 , acid process of, 
91 , ammonia process, 93, 99 , colloidal 
metals process, 93 , enzyme process, 93 ; 
Krebitz^s process, 109, lime process, 
89, 109 , sodium carbonate process, 108 , 
sulphuiic acid process, 90 , superheated 
steam process, 89 , Twitchelfs process, 
92, 93 

— values 53, 54, 55, 62, 75 , of hardened 

oils, 100/ 

Saponifier, dartring, 93 ; Twitchell’s, 92, 
93 

Sapoia muheni^ 364 
Sapping timber, 19 1 
Sardine oil, 54, 58, 62, 63, 65 
Sassafras oil, 135, 138 
Satin, 561 

— white, 507 
Satrapol, 658 

Saturation process for sugar syrups, 1 51- 153 
Saturators, 151, 152 
Saunders wood, 552 

Savalle's film-type column, 302-303; stills, 
298-301 

Sawdust, distillation of, 329; oxalic acid 
from, 369 
Scalol, 658 
Scandinavia, 196 
Scarlet lakes 510 

Scents, 132-138; sec Essential oils^ Perfumes 
Scheele’s green, 503 
Schichtwerke, Aussig, loof 
Schimose, 632 
Schizomycetes, 223 

Schizosaccharomyces mellacei^ 230; pombe^ 
230 

Schlempekohle, 294 
Schottensick, 72 
Schultze, 646 
Schwcinfurth green, 503 
Sclerotium clwvts^ 612 
Scoop chargers, 391 
Scotch fir, 337 

— shale oil, 398 


SUBJECTS 

Scotch whisky stills, 295-296 
Scouring soaps, 114, 116, 1x9 
Screens, photographic, 656 
Scrim oil, 50 
Scroop of silk, 545 
Scrubbers, 394 
Scudding, 581 
Scutellum, 255 
Sea Island cotton, 406 
Sea- weed gelatine, 214 
Seal oil, 26, 54, 59 , 63, 65 
Seek malt mills, 264, 268 
Second ary fermentation — After fermenta- 
tion 

Secondary starch, 180 
Securite, 635, 645 

Seed, castor, 29 , cotton, 29 , mustard, 29 ; 

poppy, 29 , sesamd, 30 , sunflower, 29 
Seed lac, 346 
Self-raising flour, 234 
Seltzers, 250 

Seme carpus anacaidtum^ 492 
Semichrome, 587 
Semi-dr>ing oils, 40, 54, 56, 65 
Semolina, 179 
Sensitising dyes, 654 656 
Separators, half-corn, 257 , laval, 235 ; nitro- 
glycerin, 621 
Sericin, 518 
Sericinic acid, 532 

Serum, blood, 69, 224, 597 ; enzymes in, 220 , 
milk, 86 

Sesamd oil, 44, 54, 56, 61, 63, 64, 65, 85 , test 
for, loc^ 

— seed, pressing, 30 

Sesamum indicum^ 44 , ortentale^ 44 

Stetocyanine, 468 

Shale naphtha, 8 , see Shale oil 

— oil, 4, 7» 8 , paraffins from, 18 ; statistics 

of, 14 

— spint, 8, 338 
Shark-liver oil, 63, 65 
Sharps, 179 
Shaving knife, 572 

— soap, no, 117 
Shea butter, 42 
Sheep milk, 67 
Sheepskins, 569 
Sheep’s foot oil, 41 

Shellac, 346, 485 ; artificial, 210-21 X 

Shells, 632, 634 

Sherry wine, 246, 248 

Shoddy wool, 516, 517 

Shoemakers’ paste, 180, 184 

Shoes, statistics, 565 

Short malt, 2j6, 285 286 

Shorthorn, milk of, 68 

Sidenn yellow, 502 

Sides, 575 

Sienna, 501 

Sierra Leone, copals, 345, 348 
Silent spirit, 279 
Silesia powder, 636 
Silica in water, 2^ 

Silica-graphite paints, 506 
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SilicatQi fireproofing with, 190, 191, 527 , Smokeless powders, 333, 629, 638 642, 646 
presence m soaps, iio, 117, 120, sizing Smoothing rolls, 201 
with, 200 , sodium, 79, 107, 1 10, 117, 190, Snakes, hides of, 569 
191, 200, 527, 584 Soaking, 569 

Silicon carbide, 506, 636 Soamm, 613 

— explosives, 636 Soap, 22, xoi-zaz , aluminium, loi, 526 , 

Stltqua dulcis ^ amino acid (see Protein soap), 116; 
Silk, 517-519; artificial, 187,188,207,212- ammonia, 109, analysis of, 118-121, 

2x6, 029, basic mordants for, 550; bar-cutting machine, 105, bleaching, 

.bleaching, 518, 524-525 , boiled off bath, 115, boiled, loi 106 , bone fat, 115 


525 ; boiling process, 518 , brightening, 
545 , casein, 214 , cellulose acetate, 214 ; 
cellulose nitrate, 212 , Chardonnet’s, 212- 
213; degummed, 517-518 , determina- 
tion of in waterproof cloth, 527 , dyeing 
processes (see 6//^ dyeing) , fibres of, 517- 
518 , gelatine, 214, Leh^ner’s, 212, 213; 
nitrogen in, 216 , rustling of, 518, 545 , 
scroop of, 545 , soaps for, 215 , statistics, 
215 518-519, tests for, 216, Tussah, 
216, 518 (see Tussore silk, Tasar silk ) , 
Vandura, 214 , wadding, 518 , weighting, 
548, 549) 55O) 552, white boiling, 
518, 525 ; wild, 518 

— dyeing, 484, 525, 532, 545, 547, 548, 550 

552, 553) 555-55fS , black, 484 , with acid 
dyes, 547 , with alizarin, 553 , with basic 
d>es, 548 , with direct cotton colours, 
545, with indigo, 555-556, with log- 
wood, 552 

Silkworms, 517-518 
Siloed beet slices, 149 
Silvalin, 197 

Silver bromide papers, 661 

— chloride papers, 661 

— nitrate marking inks, 492-493 

— phosphate papers, 661 
Simmance-Abady flicker photometer, 409 
Simonsen’s alcohol from wood process, 294 
Simplex butter machines, 73 
Singapore, 182 

Singeing cotton, 520 

— machines, 520 
Sins, 275 

Sinus silk, 213 , yarn, 215 
Sisal grass, 519 ; hemp, 516 
Sitosterol, 52 

Size, 183, 189, 561 ; animal, 203 ; paper-pulp, 
189 , starch, 183 

Sizing, agents for, 195, 200, 560 , casein, 79 , 
engine, 199; paper, 183, 189, 199,200, 
testing, 203 
Skim milk, 83 
Skimmer, 274 
Skins, 567-569 
Slabber, soap, 104, 105 
Sleeping sickness drugs, 601, 613-6x4 
Sheers, beet, 145, 148 150 
Slickers, 572 
Slop, 182a 

Slabbing, dyeing, 558 
Sludge cake, sugar, 151-152 
Smalt, 201, 503 

Smoked rubber, 354, 357 ; meat and fish, 329, 
33 * 


borated, 117, 118, calcium, loi, 109, 
Castile, 103, HO, 116 , castor oil, 107, 
109-110 , caustic soda process, 108-109 , 
characteristics of, from various stock, 
109, closing, 103, cocoa-nut oil, 102, 
103, 107, 109x10, 1 14, cold process, 
107, 109-110, 1 14 , colouring matteis for, 
119, composition of varieties of, 120, 
corn oil, 1 09- 1 10, 114 , cotton scouring, 
115 , cotton-seed oil, 102, 103, 109- 110, 

X 14, 1 1 5 , cutting, 102, 105 , direct neutral- 
isation process of manufacture of, 108- 
109, disinfecting, 115, 117, estimation 
of cresol in, J2i , estimation of dextrine 
in, 1 19, estimation of glycerol in, 118, 
II 9 , 130, 131 , estimation of phenol in, 
12 1 , estimation of rosin in, 1 18 119, 
estimation of starch in, 118-119 , estima- 
tion of sugar in, 118-119, fatty acid pro- 
cess, 108-109 , filling, 107, no, 117, 118 , 
finishing cloth with, 561 , fitting process, 

103, floating, 103, 106, 1x7, lormaline, 

1 17 , glycerol, X06-107, 114, 117 , grain- 
ing, 102 , greases, 109 no, gieen, no, 
hard, loi , high pressure, 107, 108 , 
h)drated, 107, 108, iron, 104, 123, iso, 

1 17, lard oil, 115; laundry, no, lead, 
46,47,48, loi , linseed oil, 109 no, 115- 
117, magnesium, loi , marine, 107, iio, 
X16, medicated, 117, milled, 100, in 
112 , mottled, 116, neat, 104, nigre, 

104, 106, oleate, 109, xio, oleic acid, 
*109, no, 114, 115 (see Red oil soaps), 
olive oil, 109-110, 114, 115, oxidising, 
115, ozonised, 115, palm oil, xop-iio, 
115 , palm-kernel oil, 109, no, pea nut 
oil, 109, no, peracid, 115, 119, per- 
borate, 115, 119, percarbonate, 115, 119, 
perfumed, 119, peroxide, 115, per- 
sulphate, 115, 119, petroleum naphtha, 
119, potassium, 117, printers, 115, pro- 
tein, 116, raw wool, 114, red oil, 109- 
no, 114, 115, rosin, 103, 109-XXO, 114, 

115, 116, 117, 199 (see also Rosin soap 
and Rosined soap ) , salt water, 107, xxo, 
X16 (see Marine soaps) , scouring, 114, 

116, 119, shaving, no, 117, silicated, 

117, silk scouring, 115, sodium carbonate 
process of manufacture, 108 , soft, 101, 
107, X 17, statistics of, 119; sun-flower 
oil, 109-110; sweating of, no; tallow, 
102, 109 xxo, 115 ; tallow for, 24 , textile, 
109, 114-115 , toilet, 107, 111-112 , trans 
parent, 107, 112, 114, varieties of, i n 
n7, 120 , woollen dyers, 115 
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Soap chipper, iii, 114 

— chips, 1 12, 155 

— Crutcher, 105 

— drying apparatus, continuous, 112-113, 1 15 

— factories, construction of, 105, 106 

— fillers, 107, 1 10 

— frames, 104, 105 

— kettle, 102 

— lye, 103, 122, 127, 131 , recovery of 

glycerol from (see Glycerol ) , recovery 
of salt from, 124, 127 

— plodder, 111-112 

— powder, 112, 115, 1 17 

— presses, 105, iii, 112 

— slabbers, 105 

— stock, 24, 109-110 

Soaps, table of analysis of various, 120 
Societe de Stearinnenc, loon 
Sod oil, 41, 589 
Soda, caustic, 107 

— ash m soap, 115 

— ash lye, 107 

— cellulose, 189, 19 j 

— lime, dechlorinating effect of, 366/^, 366^ 
Sodamide, 459, 460, 638 

Sodium, polymerisation of isoprene by, 366jf 

— acetate, 332 

— amidoacetate, 659, 660 

— amidonaphtholdisulphonate, 659 

— amidonaphtholsulphonate, 659 

— bicarbonate, 234 

— bichromate, use as mordant, 550 

— bisulphite, 136, 640 

— bisulphate, 370, 550 

— carbonate, 107, 108, 109, no, 1 15 

— chloride, 266 

— fluoride, 622 

— formate, 366 370 

— hydroxide—see Caustic soda 

— hydrosulphite, 554 

— hypochlorite, 

— nitrate, 266, 620 

— oxalate, 369 

— peroxide, 523, 524 

— silicate, 79, 107, 1 10, 194 ; fireproofing 

with, 190, 19 1, 527 j presence in soaps, 
no, 1 17, 120, sizing with, 200; use in 
silk dyeing, 550 

— stannate, 524 

— sulphate, 266, 547, 549 

— sulphite, 199 

— thiosulphate, 199,660 

— thiosulphate destroyers, 660 

— tungstate, 527 

Soft soaps, loi, 107, 117 
Softening water, 534, 544, 545 
Soja bean oil, 44 

— beans, 29 (see Chinese beans) 

Soja htspida^ 44 

— japontca^ 44 
Solanin, 181 
Solar oil, 398 

Sole leather, 575*580 ; imitation, 303 
Solene, 8 
Solenite, 641 

Solidified linseed oil, 49*50 


SUBJECTS 

Solidifying points, 56, 5>, 

Soluble blue, 470, 547 

— castor oil, 43 

— oil, 549 

— starch, 182^ 

Solution, 533 , colloidal — see Colloidal 
solution 

Solvent naphtha, 417, 418, 419 
Solvents, for dry cleaning of clothes, 8 ; for 
essential oil extraction, 133, for oil 
extraction, 30 , for rubber, 359 
Somnoform, 603 
Sorghum saccharaium^ 169 
Soup coleur, 168 
Sources of light, 408 
Souring cultures, 86, 87 

— machines, 521 

— wort, 291 

Southern Cotton Oil Co , loof 
Soxhlet extractor, 66 
Spanish vine culture, 242 

— white, 507 
Spargers, 269*270, 316 
Sparging, 270 

Sparking of oil extraction plant, 8 
Sparkling wines, 244 
Spearmint oil, 137 

Specific giavity, of alcoholic solutions, 
313, of oils, 56, 61 , of potatoes, 18 1 , 
of resins, 350, of sugar solutions, 170, 
390 , tables, 665, 666 
Sperber beet slice drying process, 149 
Sperm oil, 3, 52, 53, 54, 59, 62, 63, 65, 
viscosity of, 10 

Spermaceti, 52, 53, 54, 59, 62, 63, 89, 
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Spermaldia davus^ 612 
Spent wash, utilisation of, 281, 312 
Spirit, shale, 338 (see Shale spirit) , rosin, 
338 (see Rosin spirit) , petroleum. 338 
(see Petroleum spirit^ Petroleum ether ) , 
turpentine, 337 , wood, 332-333 

— eosine, 471 

— oil, 60 

— varnishes, 49 

Spirits, 278-314 ; aim of distiller, 285 , gram, 
worts for, 292 , literature of, 278, 295 , 
manufacture of, 285 et seq , mashing for, 
286-291 , methylated, 281, 294, 333 , 
plum, 283 , potato, 292 , proof, 312 , raw 
materials for, 283-284 , rectified, 300 ; 
silent, 279, storage of, 31 1 , testing, 
31 2-3 14 , yield from starch, 292 
Splitting machine (leather), 579 
Spores, 223, 225, 227, 238 
Sporting balhstite, 646 , powders, 641 
Spraying columns, 303 
Spreading machines, 361 
Sprengsalpcter, 620 
Spueing, 579 
Spun silk, 518 
St Dennis red, 447 

Staatlichen Versuchsanstalt zu Geisenheim, 
244 

Stabilisation of gun-cotton, 626-627 
Stabilisers, 208, 642 
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Stabilit3^of alcoholic liquors, 245, 246, 275 

— tests for explosives, 643 
Staking machine, 578 
Standard bread, 179 

— Oil Co , 98 

— washer scrubber, 394 
Stannate, sodium, 524 
Stannic chloride, 547 

— mordants, 549 

Starch, 175-184 , acetone from, 333 ; action 
of nitric acid on, 183, 184, 629 , adhesive 
power of, 178, 184 ; adhesives, 183, 184 
(see Adhesives^ Gums) , adulteration of, 

176 , arrowroot, 178 , barley, 178 , 
bleaching, 183 , butadiene from, 366^ , 
chemicalled, 182^1 , constitution of, 175, 
264 , conversion into fermentable carbo- 
hydrates, 265, 286-287 , conversion into 
sugar, 265, 286, 287 ; curcuma, 178 ; de- 
tection in soap, 1 18, 1 19 , dextrine from, 

177 , dextrose from, 265 , diastatic de- 
gradation of, 177) 220, 253,264-265, 291 , 
estimation of, 183-184 , fermentation of, 
226 , formation of in plants, 175 , fusel 
oil from, 314 , gelatinisation of, 177, 287- 
289, 291 , glazing by, 201 , growth of 
mould on, 178 , hydrolysis of, 167, 177, 
225 , hydrolysis by diastase, 177, 220, 
253, 263^, 264, 265, 291 , kinds of, 175, 
176, 178, laundry, 178, literature of, 
175 , loss during malting, 260, 263, 264 , 
maize, 176, 178 , manufacture of, 177 ; 
maranta (see Arrowroot) , nitration of, 
629, nitro-, 629, oat, 178, percentage 
in cereals and potatoes, 225, 284 , poly- 
merisation of isoprene by, ^ 66 ^ , potato, 
176, 178, 181 182 , presence m malt, 264 , 
prima, 180, properties of, 177, protein 
in, 178, 179, 180, rice, 176, 178, 226, 
lubber from, 366^, rye, 178 , saccharifi- 
cation of, 286, 287 , sago, 175, 178 , 
secondary, 180, sizing, 200, 201 , soluble, 
182-183, 265 , statistics of, 176 , sticking 
power of, 177 , structural markings of, 
176, 178 , syrups from, 167-168 , tapioca, 
178 , tests for, 183-184, 291 , thick boil- 
ing, 182a , thin boiling, 182^ , Tous-les- 
mois, 178 ; unchemicalled, i82n , uses 
of, 183 , wheat, 176, 178, 179, 180 ; yield 
of alcohol from, 292-293 

Starch factory residues, 182 

— glazes, 183 

— granules, 175 

— gum, 176, 177, 184 

— lye, 178 

— nitrate, 629 

— paste, 183, 184, 560, 561 

— residues, 178 

— sugars, 166-168^246, 254 

— syrups, 166, 167, 168, 176 
Starches, table of, 178 
Starchy materials, 283-284 
Starters for milk ripening, 76 

Steam, superheated, saponification by, 89 

— evaporative effect of, 156, 158 
Steamed black, 557 


Stearic acid, 20, 74, 89, 90, 91, 94, 95 ; distil- 
lation of, 94 ; melting point of, 95 , 
presence in margarine and butter, 87 , 
production from oleic acid, 99, looa, 
lood , separation from oleic acid, 93 , 
sulphonated, 91, 92 
Stearin, 20, 102 , lard, 26 , olco, 25 
Stearine, 41, 60, 97, cotton seed, 87, fish, 
41 , formation of, 38 ; lard, 87 , produc- 
tion from oils, 39 
Stearo-lactone, 98, 99 
Stearoptenes, 133 
Steatite, 506 

Steel cutting by oxy-acetylene flame, 403 
Steers mashing machine, 268, 269, 270 
Steely grains, estimation, 254 255 
Steeping, loss of weight during, 264 

— barley, 258 

— cisterns, 258 

Steffen’s lime process of molasses sugar 
recovery, 164 , pressure diffusion pro- 
cess, 147 

Stentering machines, 543 
Stick lac, 346, 348 
Stilbene dyes, 450-451, 544 

— yellow, 450 
Still residuum, 10 

Stills, acetic acid, 331, benzol, 417, 418, 
Blair’s, 300 , brandy, 295-296 , combined 
distillation and rectification, 306-311 , 
continuous, 297 ef seq ^ 417, essential 
oil, 132, 133, formic acid, 37o;Garrigue’s 
glycerol, 128-129, 124, 125, 

128-129 , Heckmann’s fractionating, 417- 
418 , Heckmann’s glycerol, 125 , lubri- 
cating oil, II , Pampe’s low-pressure, 
310, paraffin wax, 15 , pot, 295 , rosin, 
337 ) Savalle’s, 298-300 , simple, 295- 
296, tar, 416-417, vacuum, 5, 10, 15, 
124-125, 128, 337, 416 
Stink stone, 614 
Stipa ienacissima^ 517 
Stockholm tar, 328 

Stout, 277 , colouring for, 265 , milk, 73 , 
waters for, 266 , yeasts for, 229 
Stovaine, 604 
Stowite, 645 
Strap butts, 578 

Straw, 187, 195 ; cellulose from, 195 , test 
for, 203 

Strawberry essence, 385 
Strike point, 160 
Stripping, 587 

Stiontia process of sugar recovery, 164 
Strontium pigments, 506, 507 

— sucrates, 142, 143, 163-164 

— sulphate, 507 

— white, 507 
Strychnine, 602, 615 
Sffyeknos nux vomica^ 615 
Stuff chests, 201 
Stuffing drum, 579 

— process, 578-579 
Styptics, 612 
Styrax benzoin, 347 
Styral alcohol, 136 
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Sublimed white lead, 500 

Substantive dyes, 531-533 • see Direct dyes 

Substitutes, lard, 87 ; rubber, 364 ; suet, 87 ; 

sec also under Artificial 
Succineins, 472 
Succinic acid, 222, 293 
Sucrase, 221 

Sucrates, 142, 143, 150, 163, 164 , calcium, 
150, 163, 164, strontium, 163, 164 
Sucrol, 17 1 

Sucrose, 14 1 etseq, (see also Sugar ) ; butyric 
fermentation of, 143 \ compounds of, 142, 
143, 150, 163, 164, estimation of, 

170 , inversion of, 142 ; lactic fermenta- 
tion of, 143 ; properties of, 142 , rate 
of fermentation of, 240 , rotation of, 142 
Suet, 87 , substitutes, 87 
Sugar, 1 39- 1 70, 586 (see also Sucrose ) , 
action of diastase on, 255, 287 , addition 
ot to wine musts, 246 , boiling to crystal- 
lisation, 160; burnt, 168, 176, carbona- 
tion process, 150, 151, centnfugalling ^ 
processes, 161, 162, 163, 164 , citric acid 1 
fermentation of, 374 , climax, 168 , com- | 
pounds of, 142, 143, 150, 163, 164 (see 
Sucrates ) , cost of production, 144 , 
crystallisation of, 142 , cube, 166, curing, 
16 1 ; decomposition by yeast, 226 , 
diffusion process, 145 , drying pro- 
cesses, 161-162 , estimation of, n8, 119, 
169, 170, 250 , fermentation of, 143, 240 
374 (see under Fermentation in- 
dus tries ) , granulated, 166 , grape juice, 
243 » growth of moulds on, 162, influence 
on diastase, 255, 289, invert, 168-169 
(see Glucose ) , isoprene from, 366^ , 
literature of, 141 , loaf, 166, maple, 169, 
oxidation by moulds, 225 , palm, 169 , 
rotation of, 142 , solutions of, 16^170 , 
statistics off 143, 144 , valuation of, 142 , 
163 , wood impregnation with, 190 , 
yield from beet, 144, from cane, 144 
Sugar beet, alcohol from, 280,283 , dried slices 
for cattle, 148-150 , improvement of, 144 

— boiling, 166 

— cane, analysis of, 144 , extraction process, 

154 

— char filters, 165 

— crystallisation, 160, 161, 162, 166 

— defecation, 1 50 

— of lead, 331, 332 

— of lime — see Calcium sucrate 

— recovery from molasses, 16 1, 163-164 

— refining, 164-166 

— residues, distillation of, 390 

— saturators, 1 5 1 

— soaps, 1 12-1 14 

— solutions (see also Sugar syrups ) ; clari- 

fication, 150, 151-155, 164, 165, 170; 
specific gravity of, 169-170, 290 

— splitting enzymes, 227 

— syrups, crystallisation of, 160-162 , evapora- 

tion of, 156; gram boiling, 160, 166; 
exhausted, 163; oxalic acid in, 150; J 
purification of, 150, 435, liming pro- ’ 
cesses, 151 ; saturation process, 1 51-153 


Sugars, brewing, 252, 253, 254, 26 classi- 
fication of, 14 1 ; equivalency of to barley, 
273 , hydrolysis of, 221 ; loss of during 
malting, 260 , pentoses, rubber from, 
354, 358 ; presence in malt, 263, 265 , 
presence in mashes, 292 , production 
from starch, 166- 168, 286-287 > fermenta- 
tion of, 143, 240-241, 374 (see under Fer- 
mentation industries ) , varieties of, 169 
Sugary materials, alcohol from, 283 
Sulphaminebenzoic acid, 171 
Sulphanilic acid, 432 

Sulphate, ammonium, 190, 191, 395, 527 ; 
dimethyl, 377 ; barium, 47, 215, 506, 561, 
579, 661 , calcium (see Calcium sulphate ) , 
magnesium, 524, 527, 561 ; sodium, 266, 
547, 549 

j — process for cellulose, 195 
I Sulphated oil, 549 
Sulphates, in wine, 245 
Sulphide dyes, 439, 477*478, 55^ 

Sulphides, estimation of, 573 
Sulphine (dye), 545 
Sulphitation of sugar syrups, 1 53 
Sulphite cellulose, 192-195,202 , residues, 294 

— lye liquors, 195 
Sulpho-bcnzene-steanc acid, 92 
Sulpho-carbonate, 395 
Sulpho-ichthyolicum, ammonium, 614 
Sulpho-naphthalene-stearic acid, 93 
Sulphostearic acid, 98 

Sulphonal, 608 

Sulphonated oils, 43 , see Sulphated oils 

— stearic acid, 91 
Sulphone azurin, 547 

— black, 547 

— hypnotics, 609 
Sulphonic acids, 431-433 

Sulphur, bleaching with, 523 , estimation m 
gases, 408 , in coal, 392 , in gas, 393, 
394, 395, 396 » rubber fabrics, 528 , 
in wines, 245 , removal from coal gas, 
395 , use for vulcanisation, 360 

— bacteria, 225 
•— bases, 429 

— blue dyeing, 537 

— chloride, 360 

— dioxide, action on cellulose, 194 , bleach- 

ing with, 523, 525 , glue extraction with, 
595 , treatment of sugar syrups with, 1 53 

— colours, dyeing with, 545-546 

— dyes, 439. 477-478, 556 

— thiogene, 546 

Sulphuretted hydrogen, extraction from gas, 
325 , see also Hydrogen sulphide 
Sulphuric acid, action on cellulose, 187, 294 , 
action on oleic acid, 98 \ action on wood, 
187,294; fuming, 408, 431 , concentrated, 
408, 431 460, ^49 ; nitrating, 620, 624, 
^25 ; regeneration of, 423, 625 
Sulphurous acid, 194, 228 , see also Sulphite i 
Sultan dyes, 545 

Sumac, 490, 551, 574, 582, adulteration of, 
574 ; statistics, 578 ; use m dyeing, 549 j 
skivers, 580, 582 
Sumach — see Sumac 
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Sumatra camphor, 340 
Sun yellow, 450 
Sun>bleaching of Imsced oil, 38 
Sunflower seed, 29 

— seed oil, 44, 54, 56, 63, 109*110; soap, 

109, no 

Sunshine, sugar formation by, 242 
Superheated steam, saponiflcation by, 89 
Superphosphate, decolounsation by, 164 
Suprarenal glands, 610, 61 1, 612 
Snprarenine, 610 
Surface charring of wood, 191 

— illumination, 410 41 1 
Surgery, 629 

Sweat glands, 567 
Sweating barley, 256 

— paraffin, 16 

— soap, 1 10 
Sweden, 294 
Sweet fennel, 283 

— oil, 44 

process of starch manufacture, 180 
-- wat^r, 125, 126, 129 
Sweetening chemicals, 17 1 
Swill, 182^1 
Sylvestnne, 338 
Syntans, 574 

Synthetic antipyretics, 606 

— camphor, 340-342 

— colouring matters, 439 480 

— drugs, 601 

— peruimes, 136 

— Products Co, 3I4» 366^-366^ 

— rubber, 366-366^ 

— scents, 136-138 

— tanning materials, 574 
Syphilis, drugs for, 613-614 

Syrups (see also under Sugar syrup^ Starch 
syrupy €ic \ golden, 163 

— brewing, 168, 252-253, 273 , starch, 166- 

168 

T 

Tackardia lacca^ 348 
Tail products, 306, 307 
Tallow, 21, 24, 35, 40, 54 , 58, 61, 62, 64, 6s, 
87, 90 , bleaching, 35 , fish, 41 ; Japan, 
42 , iodine value of, 63 , saponification 
of, 102, 107 , statistics, 22, 23, 24 , vege- 
table, 42, 62 

— oil, 40, 54 , 58, 63. 6s 

— soap, 102, 109- no, 1 15 
Tampico fibre, 517^ SW 
Tan liquors analysis, 583 
Tanking oil, 34 

Tannage, mineral, 584 et seq , ; oil, 589 
Tannate, calcium, 546 
Tannates, iron, 490 
Tanned leather, glue from, 594 
Tanners* tools, 572 

Tannic acid, I 9 S, 243 . 364, 525 , 546 , 548 - 549 , 
573. see also Dyetng Inks, Tanmng, 
Tannins 

Tanning, 565-589 ; bacteria of, 225 ; literature, 
565 ; soaking process, 569 j theory of, 
566-567 


Tanning materials, 373-574, 575 , analysis of, 
583 , extraction of, 574-575 , statistics 

of, 575 

Tannins (see also Tannic aetd)^ action on 
gelatine, 596 , artificial, 574 , action on 
glue, 593, 595 , analysis of, 583 , catechol, 
573 , classification of, 490 , colloidal com- 
pounds of, 533, hop, 254, ink from, 
490 , iron blueing, 490 ; iron greening, 
490 , nature of, 573 , presence m wine, 

245 , pyrogallol, 573 , synthetic, 574 , use 
as mordants, 548-549,550, 551 , use m silk 
weighting, 550 , waterproofing with, 527 

Tantalum lamps, 407 

Tanyard, chemical control of, 583-584 

Tapioca, 175, 176, 182^ 

— starch, \%2b 

Tar, bone, 428 , coal, 415 416 (see Coal-tar ) , 
coke-oven, 416 , distillation of, 329-330, 
416 , extractors, 393 394 , gas, 416 , fiee 
carbon in, 420 , pine, 329 , presence in 
oils, 12, sepaiation from gas, 393*394 , 
statistics of, 330, 339 ; water estimation 
in, 420 , watei proofing with, 527 , wood, 
325, 328-330 

— oils, 329, 417 

— oils scrubbers, 394 
Taipaulins, 527 

Tartar, cream of, 234, 242 , tartaric acid 
from, 371-373 

— emetic, 583 , substitutes for, 319, 370 
Tartaiic acid, 234, 242, 371-373, absence 

from fruit wine, 249 , acidity due to, 

246 , decolounsation of, 373 , in lemon- 
ade, 250, literature of, 371 , manufactiiie, 
371-373 » presence of lead m, 373 , pro- 
perties of, 373 , statistics, 373 , use in 
silk industry, 545 , uses of, 373, 545 

Tartrates, 247, 373, 615 
Tartrazin, 450, 491, 547, 656, 657 
Tasar silk (see Tussah stlk^ Tussore silk, 
mid silk), 518 
Tatham’s oil-gas system, 399 
Tea for caffeine, 602, 616 
Teasing machine, 624, 625 
Technical gas analysis, 408 
Telegraph poles, 190 

Temperature, effect on hydrogenation, 100^, 
loor 

Tendering of cotton, 546 
Terebenthene, 337 
Terminalta chebula, 574 
Teipeneless oils, 135 
Terpenes, 133, 135, 337, 338 
Terpineol, 137 
Ten a alba, 507 

— japonica, 346 

— Orellana, 485 
Terracotta (dye), 444 
Terre verte, 502 
Testa, 179 

Tetrabromindigo, 461-462 
Tetrachlormethane, 359 
Tetrachloride, carbon, 359 
Tetrachlorindigo, 461 
Tetraiodofluorescein, 471 
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Tetrakisazo dyes, 449 
Tetramethyldiamidoazobenzol, 435 
TetramethyldiaminobenzhydroJ, 434 
Tctramethyldiaminobeiizphenone, 434 
Tetramethylenediamine, 366^“ 
Tetranitrodiglycendes, 623 
Tetranitromcthane, 637 
Tetranitronaphthalene, 634 
Tetrazotised diammes, disazo dyes from, 445 
Tetronal, 608-609 
Tetryl, 638 

Textile fibres, 515-519 

— soaps, 109, 114- 1 15, 117 ; see also Iso soap^ 

117 

Thalli, 225 
Thebaine, 615 
Theobromine, 616 
Theocine, 616 
Theophylline, 616 
Thermometer degrees, 664 
rhiazine, 545 

— nngy 477 

— dyes, 477-478 
Thiazole dyes, 458, 477-478 

— ring, 478 

Thickening agents, 183, 184, 560 
Thioflavine T, 478 
rhio-mdigo, 439, 463 465 
Thio-indigo dyes, 463-466, 556 

— red, 463, 556 

— scarlet, 465, 556 

— violet, 556 
Thion, 546 
Thional, 546 
Thiosalicylic acid, 458 
Thiosulphate, 199, 585 ; sodium, 199, 585 

— destroyers, 660 
Thiotolene, 366^', 366/ 

Thiotoluidine, 429 
Thioxine, 546 
Thioxydant lumi6re, 660 
Thorium salts, 406, 407 
■— nitrate, 406, 407, 657 
Thrombase, 221 
Thymol, 137 

Tibet wool, 517 
Tiglic acid, 21 

Timber, 190- 19 1 (see also Wood)\ creosote 
for, 418, creosoting, 190, drying of, 
J91 , fireproofing, 191 , impregnating, 
190 , literature ^of, 190 ; metallisation of, 
190 , preservation of, 190-191 ; sapping, 
191 , statistics, 188, surface charring, 191 
Time lights, 657 
Tin salt, 524 

— salts, 551 
Titan, 545 

Titanium lactates, 319 

— potassium oxalate, 583 
Toilet soap, 107, xiz-iia 
Tokay wine, 248 
Tolite, 634 

Toluene (Toluol), 171, 417, 421,634; nitro 
derivatives of, 423, 632-634, 636 

— sulphamide (see Toluol sulphamide)y 17 1 

— sulpbochloride, 171 
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Toluene sulphonic acid, 17 
Toluidine, 425, 467 
Toluol— see Toluene 
Toluol-sulphamide, 171 
Toluthiazol, 429 
Toluylene, 545 

— orange, 447 

— red, 446 

Toning baths, 660, 661 
Tonite, 645 
Tonquin beans, 138 

Top fermentation, 228-229, 244, 274, 276; 
see Top yeast 

— yeast, 227, 228, 229, 234, 276 
Tops, 517 

Torpedo powder, 645 
Torpedoes, 628 
Tournesol, 484 
Tous-les-mois starch, 178 
Tow, statistics, 518-519 
Tragacanth gum, 117, 346, 560 
Tragasol, 347 
Transparent candles, 98 

— soaps, 107, 1 12-114 
Trays for stills, 300, 303 
Treacle, 163 

Treber, 243 
Trehalase, 221, 227 
Trehalose, 221 

Trench’s flameless explosive, 635 
1 rester, 243 
Triacetoneamine, 605 
Tnamidodiphenyltolylcarbmol, 469 
Tnamidoresorcin, 659 
I riamino dyes, 469 
Triaminotriphenylmethane, 467 
Trianthraquinonylamines, 457 
Triarylmethane dyes, 466 
I riazol (dye), 545 
Tribromindigo, 461 
Tnchlorethane, 359 
Tnchlorisopropyl alcohol, 608 
Tndecylic acia, 20 
Tndecylin, 20 
Tngemine, 607 
Triglycerides, 20 
Tnhydric phenol developers, 659 
1 nlinolcnin, 40 
Tnht, 634 

Tnmethylamine, 41, 163, 376 

— chloride, 376 
Tnnitrobenzene, 634 
Tnnitronaphthalene, 634 
Tnnitrophenol, 423, 632 , see Picric acid 
Trinitrotoluene, 423, 633 634, 635, 636, 638 

— primers, 628 
Trinidad pitch lake, 18 
Trinol^ 634 

Triolein, 20, 40 ; hydrogenation of, 100^ 
Tnonal, 608 
Trioses, 14 1 

Tnoxyanthraqumone, 451 
Tnoxymethylene, 375 
Tnpalmitan, 20 
Tnphenine, 606 
Triphenylmethane, 466 
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Tnplastil^, 634 
Triple compounds, 548 
Triple-effect evaporators, 155*159 
Tripoli, 629 
Tiisazo dyes, 447-449 
Tristeann, 3, 20, 22, 89, 91, loa 
Tropacocame, 603, 604, 606 
Tropaeoline, 442, 547 
Tropme, 603 

Trotter,photometer, 410*411 
Trotyl, 634 
Truxilline, 603 
Trypsin, 221 
Tubing, rubber, 362 
Tumbler, 569, 570 

Tumeric, 87, 486, 546 , statistics, 483 
Tung oil, 45, 49 i 61, 62, 63,65 , polymerised, 50 
lungstate, sodium, 527 
Turbines, centrifugal, 161, 162, 163, 541, 543 
Turkey galls, 490 

— red dyeing, 534 

— red oils, 43, 45 545, 549, 55i, 586 
Turners’^yellow, 500 

Turpentine, 281, 328, 337-339 (see also Tur- 
pentine otl^ Turpentine spirit) , literature, 
337i» solvent for resins, 350 (see also 
Varnishe<i) , statistics, 339 , steam ex- 
traction of, 338 
Turpentine driers, 48 

— oil, 135, 325, 337, 359, Isoprene from, 

366^/ , statistics of, 22 

— spirits, 337 

— ■ substitutes, 8, 338 
Turpineol, 339 

Tussah silk, 518 , tests for, 216 ; see Tussore 
silk 

Tussol, 607 

Tussore silk— see Tussah silk 
Twaddle degrees, 665 
Twin cylinder drying machine, 83 
TwitchelTs process, 92-93, 109 
Tvpew liter inks, 492 
Typhus bacteria^ 224 
T)ramine, 613 
Tyres, 364 

Tynan purple, 420, 463, 485 
Tyrosinase, 221 
Tyrosine, 77 


Ultramarine, 493, 499, 504-S05» 5*^, S6i 

Ultramicroscopes, 533 

Umber, 501 

Undecylic acid, 20 

Under proof spirit, 312 

Underback, 271 

Underletting, 269 

Unhairing, 571 

- knife, 572 

— machines, 571 
Union dyes, 545 
Unions, dyeing, 546 
United Soap Woiks, xotsf 
Unsafe explosives, 635*636 
Unsaturated acids, 21 
Uranium intensifier, 661 


Urase, 221 

Urea, 67, 17 1, 609 ; polymerisation of iso 
prene by, 366^^ ; use as stabiliser, 208 
Urticacese, 516 

V 

Vacuoles, yeast, 227 

Vacuum distillation, 5, 10, 15, 124-125, 128 
337, 416 

— drying plant, 356 

— pans, 81, 123, 155-160 , see Evaporation 

— evaporators— see Vacuum pans 
Valeral, 254 

Valerate, amyl iso-, 383 
Valeric acid, 20, 254 
Valerin, 20 

Valonia, 490, 574, 575, 577 
Valve discs, 189 

Van Ruymbeke’s glycerol recovery process 
122-126 

Vandura silk, 214 
Vandyke blown, 501 
Vanilla, 137 
Vanillin, 136, 137, 138 

Varnishes, 48-49, 21 1, 281, 493, black, 60, 
dyes for, 47 5, natural, 49, nitro-cellulose, 
49 , oil, 48 , resins for, 345 , spirit, 49 , 
water, 49 , yellow, 348 
Vaseline, 10, 13, 22 
Vat dyes, 461, 553“558 

— red B, 556 

Vats, dyeing, 53i-544 , fermentation, 292 , 
yeast, 235 

Vegetable alkaloids, 615-616 

— fats, classification, 39, differentidlion 

from animal, 66, see lais^ Fatty oth^ Oils 

— fibres, 515-517, 518, dyeing, 532 

— oils (see also Oiis)^ 19 et seq , distinction 

from animal, 66, manufactuie of, 26 
et seq , statistics of, 22, 23, 24 

— tallow, 42, 54, 58, 62 

— waxes, 60 

Velocity of hydrogenation, 100^, loo^ 
Venetian red, 49, 501 
Ventzke degrees, 170 
Vera Fedtraffineri, \oon 
Veratrine, 615 
Vetairum sabadilla^ 615 
Verchow’s dephlegmatoi, 303, 306 
Verdigris, 503 

Veremigte Chemische Werke, 93 

— Glanzstofifabriken, 213 
Vercinigten Kunstseidefabriken, 213 
Vermilion, 493, 508-509 
Vernon-Harcourt pentane lamp, 410 
Verona yellow, 500 

Veronal, 609-610 
Vertical retorts, 326, 391 

— Welsbach burners, 407 
Vi -casein, 80 

Victoiia blue, 470, 531, 54® 

— green, 468 
Vicuna wool, 517 
Vidal black, 439, 478 
Vienna bread, 179 
Vigorite, 644 
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VinassC) 294 
Vine, 242 

Vinegar, 224, 315-317 ; coleur for, 168 ; con- 
version process for, 315, essence of, 
331 , faked, 317 ; literature of, 315 , 
malt, 315-317; mother-of-, 316, 317; 
statistics of, 317 , table, 331 , wine, 317 ; 
wood, 328, 330 

— plant, 224 

Vinyldiacctoneamme, 605 

Violamines, 472 

Violanthrene, 456, 556 

Violet scents, 136, 137, 385 

Violets, essence of, 385 

Violle’s platinum light standard, 410 

Viscidity of wine, 245 

Viscose, 189,215 , sizing, 2CX) ; waterproofing 
with, 189, 214, 527 

— silk, 214, 216 

Viscosity, of nitrocellulose solutions, 624 ; of 
oil$, 9, 10 
Visem, 80 
Vitali’s test, 313 
Vttis vinifera^ 242 
Vividanthrene, 556 
Voelter*s wood-pulping apparatus, 192 
Volatile solvent recovery, 640-641 
Vulcan powder, 644 
Vulcanised fibre, 189 
Vulcanisers, 360 
Vulcanising rubber, 197, 360 
Vulcanite, 361 ; substitutes for, see Artificial 
bone^ Hom^ etc* 

w 

Wagener's dephlegmator, 304, 306 
Wakefield grease, 53 
Walnut oil, 45, 54, 56, 63, 64, 65 
Walsrode powder, 646 
Waltham Abbey, 620, 624, 626 
Wash, dry, 312 , spent, 312 

— leather, 589 
Washer scrubbers, 394 
Washing machines, 521, 541, 542 

— powder, 115 

Waste acid, revivification of, 423, 621, 625, 628 
— • lye evaporators, 1 23, 1 24 
Water, brewing, 266 , Burton, 266 , calcium 
sulphate, removal from, 266 , Dublin, 
266 , dyeing, 533*534 , m oils, 12 ; in tar, 
420 , iron in, 534, 569 ; lime in, 534 ; salts 
in, 266, softening, 534, 544'545> 5^9; 
tanning, 569 , evaporation of, 1 56, 1 59 

— gas, carburettcd, 389 , hydrogen from, 406 

— glass (sec also Sodium silicate^ Siltcate\ 

194 ; fireproofing with, 527 ; sizing with, 
200 , soap filling, 117 

— marks, 201 

— paints, 5 1 1 

— soluble oils, 12 

— scrubbers, 394 

Waters, aerated, 249-250 ; mineral, 249-250 
Waterproofed fabric, 189, 526-527 ; analysis 
of, 527 

Waterproof papers, 94, 202 


Waterproofing processes, 189, 360562, 526* 

527 

Wattle, 374 
Wau, 486 

Wax, bees, 52, 53, 54, 59, 63, 89 ; carnauba, 
54, 59,^, 63, 89, 526 , ceresine, 17, 18, 
89, 97 , 526 ; Chinese, 53, 62, 63 (see Insect 
wax)y cotton-seed, 60; flax, 60, gondang, 
60. insect, 53 , 62, 63; Japan, 42, 54, 
58, 61, 62, 526 (see Japan tallow ) , 
montan, 18; myrtle, 42, 54, 58, ocuba, 
60; opium, 60, palm, 60; paraffin, 7, 
62, 89, 526 ; pisum, 60 , spermaceti, 52, 

53, 54 , 59 , 61, 62, 63, 89, 637 , wool, 53, 

54. 59 , 63, 526 

— candles, 89, 97 

— waterproofing, 526, 527 

Waxes, 3, 39, 40, 52 60 , classification, 39 , 
liquid, 52, S3, 54, 59; literature of, 15, 
mineral, 15 , nature of, 3 ; saponification 
of, 66 , solid, 53, 54, 59, 60 ; specific 
gravities of, 61 ; tests for, 63 
Weights and Measures, 663, ^4 
Weld, 552 

Welding, oxy-acetylene, 403 

Weldon mud, 395 

Wellner-Jelmck evaporator, 156 

Welsbach burners, 407 

Werner, Pfleidercr& Perkins’ mixers, 63 1,639 

Wesson process, 85 

West Indian rum, 163 

Weston centifrugal machines, 161, 162, 163 

Wet liming, 15 1 

Wetter-dyammon, 620 

Wetterfulminite, 635 

Whale oil, 26, 54, 59, 61, 62, 63, 65 , hydro 
genation of, idol^, 100/, 100^, 100/ 
Wheat, chemical composition of, 178, 284 

— grains, anatomy of, 179 

— malt, 286 

— starch, 176, 177, 178, 179-181, 183 
Whey, 69, 75 

Whisky, 295 ; alcoholic strength of, 279 , 
flavounngs for, 295 , Irish, 295-296 , 
mashes for, 287 , pot-still, 285 ; Scotch, 
283, 285 , worts for, 292 

— distillers, 282, 285 
Whitby amber, 347 

White, Chinese, 507 ; production of pure 
tints, 201 

— boiling, 518 

— lead, 51, 493. 497 - 499 . 5^9 

— mustard oil, 44 

— of egg, 245 

— shellac, 348 
Whitewash, 512 
Whiting, 507, 51 1 

Whole milk, composition of, 83 
Wholemeal breaci, 1 79 

— flour, 179 
Wicks, candle, 95 

Wigs, artificial hair for, 215 

Wild silks, 216, 518, 525 ; see Tussah silk 

— yeasts, 227, 228, 230, 236, 244 
Willesden fabnes, 189, 527 
Willow caif, 587 
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Wine, 2^-251 : acidity of, 242, 246-247, 250 , 
addition of alcohol to, 246, after-fermen- 
tation of, 244 , age, effect on, 245 ; 
alcoholic strength of, 246, 248 , analysis 
of, 250^ antiseptics in, 245 y apple, 249, 

250 , bitterness of, 245 , bouquet of, 245 , 
coal-tar colours in,2}i , colouring matters 
of, 243, 244, 25Z ; diseases of, 245 , dis- 
tillation of, 2JI, 283 , effervescing, 247- 
248 ; esters in, 245 ; extract of, 246 , 
finfng of, 245 , first, 243 , foulness of, 

245 , freezing of, 247 , glycerol in, 247, 
251 ; improving, 245 ; literature of, 242 , 
Madeira, 246, 248 , Malaga, 248 , Melton, 
230 , palm, 249 , plastering of, 245, 251, 
371 , Port, 246, 248 , potassium tartrate 
in, 244, 37 1 , principal period of fermenta- 
tion of, 244 , racking, 245 , red, 243, 244, 

246 , ripening of, 244 , ropiness of, 245 , 
sherry, 246, 248 , statistics of, 249 , 
storing of, 244, 245 , sugar in, 250 , 
sulphate in, 245, 251 , sulphur in, 245 , 
sulphurous acid in, 251 , Tokay, 248, 
viscidity of, 245 , white, 243, 246 

Wine butts, 244 

— coleurs, 168 

— extract, 250 

— fusel oils, 251 

— lands, 242, 248, 249 

— lees, 242, 371-372 

— musts, 272, 273 ; improvement of, 168, 

245 246 

— oils, 226 

— presses, 243 

— vinegar, 317 

— yeasts, 229 230, 242, 243, 244 

Wines, alcohol estimation in, 250, alcoholic 
strength of, 248, 250; American, 248; 
analysis of, 250-251, Australian, 248; 
Austria- Hungarian, 248 , blending, 245 ; 
dessert, 248 ; dr> effervescing, 248 , 
Canary Islands, 248 , French, 248 , fruit, 
249 , German, 248 , Greek, 248 , Italian, 
248 , medicinal, 248 , mineral salts in, 

251, Persian, 248, Portuguese, 248; 
press^ 243 ; removal of acidity, 245 ; 
Russian, 248 ; South African, 248 , 
Spanish, 248 , sparkling, 244, 247-248 , 
sweet, 248 , sweet effervescing, 248 , 
Swiss, 248 ; Turkish, 248 , varieties of, 
248 

Winter oils, 38 
Wire-cloth, 201 

Wire-flooring for malt kilns, 260 

Withering malt, 260 

Withnell powder, 645 

Woad, 486, 554, 555 

Wolfram lamps, 407 

Wolly-Zeiss butter refractometer, 74 

Woman’s milk, 67, 68 

Wood, 187, 190, 192 (see also Timber^ Cellu- 
lose) ; alcohol from, 294 ; chloracetic 
acid from, 460 ; creosoting process, 190 , 
drying, 191 ; fireproofing^ 191 ; impreg- 
nation of, 190 ; mechanical, 202, 203 , 
metallisation of, 190, 19 1 ; preserving 


SUBJECTS 

processes for, 190-191 , sapping, 191 ; 
statistics, 188 , steam distillation of, 327 ; 
surface charring, 191 ; yield on distilla- 
tion, 325 

Wood cellulose, 193- 195, 196, 202, 203, 214 ; 
cloth from, 197 , properties, 196 ; test 
for, 203 , yarn from, 197 

— charcoal, 323 seg, 

— distillation, 323-333 

— flour, 630, 632 

— oil, 45 » 54 , 56, 332 

— pitch, 330 

— preservation, 1 90-191 

— pulp, 192 et seq ^ 198, chemical, 192; 

literature, 192 , mechanical, 192 , statis- 
tics, 192, 203, 204 

— pulper, 192 

— resins, 326, 327 

— spirit, 281, 332-333 

— sulphite cellulose, 193*195, 196, 202, 214 

— tar, 328-330 , distillation, 329-330 

Wood meal — see Wood flour 

— meal dynamite, 630, 631 

— waste distillation, 328 

— vinegar, 328, 330 

Woodall- Duckham carbomser, 392 

Wool, 517 , bleaching, 523, 524 , carbonising, 
517, 534, dyeing (see Wool dyeing), 
estimation of, 527, long-stapled, 517, 
pulled, 517 , saddening, 553 , scouring 
soap for, 1 14, 1 15, short stapled, 517, 
statistics, 518, 519 ; varieties of, 517 

— black, 547, 655 

— dyeing, 539, 545. 546, 548, 553, $54, 555 . 

dyeing black, 551-552 ; dyeing combed, 
538, 539 » dyeing with acid dyes, 547 , 
dyeing with alizarin, 553 , dyeing witn 
basic dyes, 548 , dyeing with basic 
mordants, 550 , dyeing with direct 
cotton colours, 545 , dyeing with indigo, 
554, 555 , preparing for dyeing, 534 

— dyes, 442-443 

— grease, 52, 53, 54, 59, 60, see Lanohn, 

Wool wax 

— green, 547 

— wax, 52, 53, 54, 59, 60, 63 

Woollen dyers’ soaps, 114, 115 

— goods, manufacture, 561 

— yarns, 517 

Worm, rubber, 356 

Worsted yams, 517 

Wort, 253, 265 etseq , alteration of composi- 
tion during fermentation, 274-275 , 
bitterness of, 240 ; boiling and hopping 
processes, 271 , colour of, 263a , com- 
position, 273, 275 , control of fermenta- 
tion of, 274, 275 ; conversion to standard 
gravity, 273 ; extract in, 273 ; fermenta- 
tion of, 240, 273-274, 275, 276-277, 291- 
292 , for heavy beers, 273 ; for light 
beers, 273 ; hopping, 271-272 ; pitching 
temperature of, 273 , quantity obtainable 
from malt, 273; sour, development of 
yeast in, 228, 229, 235, 29X , specific 
gravitv of, 273, 275, 290 ; standard 
gravity, conversion into, 273 , rate of 
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fermentation of, 240 ; sweet, 292 j yeast 
cultivation in, 231, 232, 233 
Wort coppers, 271-272 

— refrigerators, 271, 272, 273 
Writing paper, 202 

X 

Xanthate, cellulose, 189 
Xanthene, 471 

Xanthogenate^ cellulose, 2x4 
Xanthorhamnin, 485 
X>lan, 192 
Xylene, 417, 421 
Xylenol, 418 
Xylidene, 425 

— scarlet, 547 

— sulphonic acid, 432 
Xylol, 421 

Xylolin, 197 
Xylonite, 188, 208, 209 
Xylose, 141, 195 

Y 

Yarmouth silks, 216 

Yarn, carded, 517, drying, 543; meteor, 
215, sinus, 215, wood cellulose, 197, 
worsted, 517 

— dyeing, 537, 538 
Yar>an evaporators, 575 

Yeast, 223, 226-241 , adulteration of, 236 , 
aerated, 235, 236 , alcoholic concentra- 
tion producible by, 228 , ash of, 227 , 
auto digestion of, 227, 240 , biological 
control of, 233 , budding of, 226 , 
chemical analysis of, 236 , chemical 
composition of, 227 , clotting enzymes 
in, 221, compressed, 234-236, culture 
of, 231-234, decomposition of sugar 
by, 226 , degeneration of, 233-234 , 
deterioration of, 236 , diastatic stimula- 
tion of, 287 , distinction between culture 
and wild, 238 , employment of pure, 
276, 277 , enzymes of, 221, 226 ; extracts 
of, 275 , fermenting power of, 238, 239 , 
fermentation of sugar by, 143 , foods for, 
227, 259, 273 , foods prepared from, 
275 , granules in, 227 , growth of, 227, 
240, 241 , Hansen’s apparatus for, 231 , 
Hansen’s single cell culture of, 231 , 
life conditions of, 227 , Lindner’s drop 
culture of, 231 , Lindner’s apparatus for, 
232, 233 , nourishment of, 227, 259, 273 , 
old, 227, 236, 240, pitching, 233, 
poisons, 228 , pure, 276, 277 ; pure, 
cultivation of, 231-234 , races of, 228- 
230 , rate of alcoholic fermentation of, 
239-240 ; removal from beer, 274 ; 
ripening of, 292 , seeding, influence 
on yeast crop, 241 ; self-fermentation 
of, 227 ; spore formation of, 227, 228 ; 
starch in, 236, 238 , statistics of, 234, 
236, 275 ; structure of, 227 ; use of, in 
distilleries, 292 ; utilisation of excess, 
275 ; vacuoles of, 227 

— culture, 231-236 ; Hansen’s methods, 231- 


236 , Lindner’s methods, 231, 232, 233 ; 
see Yeasty comptessed ® 

Yeast, diastase, 371 

— endotryptase, 221 

— factories, 237 

— invertase, 143 

— manufacture, 234-236 

— races, 228-230 , see also Yeasts^ kinds of 
Yeasts, kinds of — 

Ale yeasts, 2.29 

Baking yeasts, 228, 229, 234-236 
Beer yeasts— see Brewery yeasts 
Berlin races, 229 

Bottom-fermenting, 227, 228-229, 233 
Brewery yeasts, 227, 228, 229, 240, 291 
Carlsberg, 229 
Cider, 230 

Compressed, 234-236 

Cultured, 227, 228-230 , spores of, 238 

Distillery, 228, 229, 291 

Frohberg, 229 

High — see Top Je> meriting 

Kahm, 230 

Kephir, 70 

Lager beer, 229 

Low, 228 

Saaz, 229 

Top-feimenting, 227, 228 229, 233, 276 277 
Wild, 227, 228, 230, 236, 238, 244 
Wine, 229-230, 242, 243, 244 
I Yellow ben les, 485 
I — dyes (natural), 485 486 

— prussiate of pota'sh, 502 

— ultramarine, 507 

— wood, 485 
Yohimbine, 616 
Yolk, egg, 597 

— powders, 597 
Yonckite, 636 
Yorkshire grease, 53, 60 
Yttrium, 406 
Yumbehoa, 616 

z 

Zaffre, 503 
Zambesi (dye), 545 
• Zanzibar, 347 
Zea Maysy L , 44 

Zeppelin’s airship, hydrogen for, 405 
Zinc chloride, action on paper, 202 ; cellu- 
lose solution of, 189 , impregnation with, 
190 ; tests with iodine, 203, 206 

— chromate, 507 

— green, 502, 503 

— lime vat for mdigo, 555 

— oxide, 507 ; enamels, 49 ; statistics, 509 

— pigments, 507-508 

— rosinates, 190 

— sulphate, sucrose inversion by, 142 

— sulphide, 508 

— white, 215, 507 
Ztnum usitatissmumy 516 
Zirconium, 406 

— nitrate, 657 
Zymase, 221-222, 227, 253 
Zymin, 222 
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KWH Production at various Currents Relation between Voltage and Current per Cell 

With KNOWLES PURIFIERS these Plants give 100 ^ pure 
HYDROGEN, the best for Oil Hardening and all other 
Catalytic processes 

THE INTEGRAL OXYGEN GO. LTD. 

Operating Patents of international Oxygen Co., New York 

(Plants for producing 10 to 500 Cubic Feet of Oxygen per houn 

THE INTERNATIONAL ELECTROLYTIC PUNT 0" L™ 

Operating A. Edgar Knowles Patents 

(Plants for producing 600 Cubic Feet of Oxygen per hour and upwards) 

HEAD OFFICES AND LABORATORY 

CITY ELECTRICITY WORKS, NEW CRANE ST, CHESTER 


Taltirsiiit: If PCS, Chattar 


Codas Mareoni and ABC (Stii Edition) 
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CHAS, PAGE & CO. 

LIMITED 

47.51 KING WILLIAM STREET 
LONDON, E.C.4 

AND AT 

422-425 Royal Exchange, MANCHESTER 
31 St Vincent Place GLASGOW 

BUYERS AND SELLERS OF 

CHEMICALS 

TAR AND AMMONIA PRODUCTS 

FERTILISERS 

ALL HEAVY AND FINE CHEMICALS 


DYEING AND TANNING EXTRACTS 




S. H. JOHNSON & CO. LTD. 

The Engineering Works 

CARPENTERS ROAD, STRATFORD, E.I5 


FILTEfi 

PRESSES 


of all TYPES 
and CAPACITIES 


VORTEX MIXERS 


ADVERTISEMKNI.s 
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JACKETED 
MIXING KETTLES 


AIR and GAS 
BLOWERS and 
COMPRESSORS 


VACUUM PUMPS 


SPECIAL PUMPS 
for corrosive and 
— gritty liquids — 


TcIeHram*; FILTBUM. PHONE, LONDON 
Telephone: MarylanUi 1229 
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LIME 

The Purest Lime for Chemical Purposes 

The purest Mountain Limestone burnt 
in special Kilns for Bleaching Powder 
Chlorate, and all Chemical Products 

LIME for 

BYE-PRODUCT PROCESSES 
and FINE CHEMICALS 

SPECIALISED 


Carbcnatc of Lime 

Limestone from Qiiairv No I - 98-85 

2 98-95 

^ 98-80 

•! 99-30 

5 99-20 

0 99-25 

7 98-90 

8 - 98-70 

98-50 


"Old Buxton Lime has no Equal” 

and can be supplied oniv by 

THE BUXTON LIME FIRMS CO. LTD. 

BUXTON 


Tclcgfoim BUXTON LIME BUXTON 


Tclcplwnc ^12 BUXTbN 











